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I'ltKKACK Ta THE FOCRTH EDITION 


In this iKiw wliljoii the text liaj;l)ccn r«visod tlirOflf'hout ami many parts of it have 
been re-iiritten; imleed, the paf!,o^ on which no chanoes have been made are very few. 

Bold tyjje has been used more frecij' llijin formerly and headings and subheadings 
have been added wiih'ly throughout the text in the hope.thiit'thcy will make for more 
ready refeieiice. 

Sixtyu'iglit mnv illustrations have been added, bringing the total number up to eight 
hundred, and ''i\ty-s('ven old ones have been re-drawn, re-lettered,, or otherwise im- 
proved. 

The illnst latioiis are the work of .Miss Nancy Joy, to wjiom I e^)re.ss my apprecia- 
tion of her m'ti^tic skill and of her willing co-operation. To my secretary, Mi.ss Mary 
McConnell, my tluinks arc due for the tare she has taken, in checking references and 
in preparing th(' index. I do not forget to acknowledge the forbearance and consid- 
eration that the iiublishers, Mci-isl's. Williams k WJlkins, so'constantly show. 




PREFAtp: tO’THE first EDITION 

The study of human anatomy 'may attempted in cither of two ways. One 
consists in collectinj^ (acts and momorixing them. This demands a memory wh^^i is 
wax to receive impressions and marble *to retain t'hein. Even so endowed a student 
will not master tlie infinite complexities of*thc subjccl^ The other way consists in 
C(?rrelatiiig facts, that is, stu'dying* them in their mutual relationsliips. This leads 
inevitably to the apprehending ohthe underlying principles involved, and the ^Taison 
d’etre^^ of such relationships*- The student will thus learn to reason anatomicully 
and will find the acquisition of new and related facts an easier task. It is the purpose 
of this book to It«^i(l the students o approach the subject from this viewpoint, and it 
involves certain dej)arturcs from tradition. 

Tlje human body is here considered by regions. In mqs.t regions some feature 
predominate^^. It may be a ifiuscle, a vessel, a nerVe^ a bony landmark or .other 
palpable stiuclure or it may be a viscu^ The regions are for the most jiart built up 
around tlie dojninant or central feature. 

The markings, lines and ridges, depressions and excrescences, on a bone tell a story 
as do the scars and irregularities on the earth's surface. Because they.3re m thg rnain 
’to be interpreted by refcreii(‘e to the soft ])arts that surwund and find attachment to 
them, the bones are not described together under the heading “osteology'^ as though 
they were things apart. The shafts of the bones are considered with the surrounding 
soft parts; the ends witli the joints into which they enter. The bones of the foot are 
primarily considered as a single mechanism--so are those of the hanj and of the skulk 
The correct orientation of certain bones is given in cases whereVithout this informa- 
tion the actiyns of certain muscles (e.g. CJluteuR 'Medius, Teres Major) could not be 
unde^«tood. 

It is not the mere presence of a ligam'fent or its name that is of interest, but the 
functions it serves. These* depend commofily on the direction of the fibers. of the 
ligament; occasionally on their })recise attachn>ents. Many filirous bands bearing 
individual names are really members of a comraUiiity. A challenge thrown at one 
must her taken up by all. They act in unison and therefore they are considered to- 
gether as a unit. • , • • 

In the consideration of viscera the subject is elucidated-by reference to comparative 
anatomy and to embryology. These are cognate sciences which throw light about the 
existing structure pf man. The positions of the viscera are referred tew selected 
vertebral levels, the vertebral column beinp 5 >ai>ever present and ever ready measuring 
rod. * • - * • 

Surface Anatomy is largely dispensed* with as an independent subject. Its study 
is undertaken as a review of .Gross Anatomy, distances being .measirred, wherever 
feasible, in terms of structures. 'For example, instead of. stating that th,e posterior 
tibial artery lies half an inch from the tibial malleolus — which would be a new fact to 
memorize— “it is spoken of as .being the breadth of two iendons from the nfalleolus, 
the temjons being the tibialis posterior and flexor digitorum muscles— -a fact already 
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learned by cfissection. Again, by regarding the left renal vein as the vein ©f the three 
left paired abdominal glands (adTenal, renal and sex) its length is easily calculated 
as being the length of the right renal vein, plus the width of the vanished left in- 
ferior vena cava, i)lus the breadth of the aorta, say 1 J -f 1 -f 1 = 31 inches. And, 

, again,, the memory is not strained to rccQlIect that the adrenal gland lies at the level 
of the twelfth thoracic vertebra when the, fact can profitably and readily be deduced 
froip a series of related circuipstances. • < 

Illustrations to be of value muSt be siinp'ie, accurate, and convey a dehnite idea. 
It is for these reasons that t,Iiey con.sist entirely of line drawings. Their simplicity 
encourages the student .to reproduce them; and though diagrammatic in nature they 
are based on measurements and observations of a great deal of carefully dissected 
material. Their accuracy therefore, in those details they arc intended to illuminate, 
has been the object of very considerable work. Many of the original dissections are 
to be found in the anatomy museum of the University of Toronto, .^n many instances 
the names of the structures in the illustrations have with care been grouped to form 
tables which are complete in themselves, as in figures 132 and 577. It is hoped that 
this pabular arrangement will add to the usefulness of the illustrations. 

With few exceptions The Birmingham Rerdsion (B. R.) of the B. N. A. terminology 
is employed in this book. Such synonymous and alternative terms as differ con- 
siderably from the B. R. terms, and such as are likely to die hard, are recorded within 
brdekets in the text immediately after the B. R. terms.' 

The book is meant to be a working instrument designed to make Anatomy ra- 
tional, interesting and of direct application to the problems of medicine and surgery. 
The bare, dry and unrelated facts of Anatomy tend rapidly to disappear into forget- 
fulness. That is largely because its guiding principles are not grasped so as to capture 
the imagination. <.)nce they are grasped it will be found that details and relationships 
will remain within certain and easy recall. 

I am indebted to many of my friends and colleagues for the help they have given 
me in this plan and I take this opportunity of e.xpressing to them my very grateful 
thanks. I mention in parlieular: Dr. Brock Brown, who has so willingly and ably 
assisted with most of the illustrations and therein hast displayed his artistic skill; 
Mr. J. G. Watt, who hn.s so .-ucceasfully executed the illustrations on the thorax; 
Mr. E. M. Davidson, whose experienced pencil laid the foundation of. many of the 
figures; Dr. J. C. A'latt and Dr. H. A. Cates, who have rehd many sections of the 
manuscript and have offered valuable- criticisms; Dr. C. G. Smith and Mr. H. C. 
Elliott, who haX’c read the entire proofs with great care; Dr. R. K. George, who has 
prepared the index; Dr. B. L. Guyatt, wfio has made many dissections and has helped 
to verify the innumerable points on which the figures are based; .and Mr. H. E. 
LcMasuricr, who has rendered many diverse and valuable services. 

J. G. Boileau Grant. 



INTRODUCTION 


There are few words with a longer histpry than the word Anatomy. If we write 
anatome we use the name that Aristotlef gaVe to the Sciejioe of Anatomy two thoujand 
three hundred years ago. He made the first approach to accurate knowledge of the 
subject, although it was derived from dissections of thfe fc^er animals only. The word 
nftans cutting up — the method by which the study of the structure of living things is 
made possible. 

The boundaries of the subject have widened. Through the use of the microscope 
apd with the aid of stains the field of Anatomy has come to include microscopical 
anatomy or liisioiogy and the study of dfevclopment before birth or embryology. The 
study of the anatomy of other animals^ comparative anatomy^ has been pursued ex- 
haustively partly in an endeavor explain the changes m form, morphology, of 
different animals including man* Physical Anihropologi/f oi* the branch of the sti]dy of 
mankind that deals chiefly with the ext^nal features and the measurements of differ- 
ent races and groups of people, and with the study^of prehistoric remains commands 
interest of the anatomi.st. The hereditary, nutritional, chemical, and other factors 
controlling and modifying the growth of the embryo, of the child, ,E!hd of aninials 
'are within his legitimate field; so also is the growth ot tissues tn test-tubes, tissue 
culture. Feeding and other experiments on animals play leading parts in many 
investigations. , 

Individuals differ in outward form and features; for example, how varied are finger 
prints and the arrangement of the veins visible through the skin: individuals differ 
also in their internal make-up. Textbooks, for the most part, •describe average con- 
ditions wherp weights and measures arc concerned, and the commonest conditions 
wherp arrangements and patterns are concerned. ^ Owing to the variety *of these* the 
commonest may have less than a 50 pei^cent incidence— it may, therefore, not be 
truly representative. As data on variatioljs accumulate the subject of Statistical 
Anatomy emerges. Some variations are so rare -as to be abnormalities or anomalies. 
Among the different races of mankind there are percentage differences in the form and 
arrangefnent of structures, just as there are among the different ‘r{ices of the apes and 
other animals. But relatively little is known- as yet of Racial Ana^my, which is a 
branch of physical anthropology.* 

The human body* is generally dissected by regions. Regional Anatomy, and de- 
scribed by ^Systematic Anatomy. The regions of the body comprise ; Jllic head 

and negk, the trunk, and the limbs.- These* can be. divided and subdivided indefi- 
nitely. The trun^ is^di visible into. thorax, abdomen and pelvis. The systems of the 
body comprise the skeleton, the study of which is osteology; the joints (arthrology) ; 
the muscles (myology) ;* the nervous system (neurology), which includes the brain, 
spinki cord, organs of special sense, .the nerves, and the autonomic nervous system : 
the cardio-vascular system which includes the heart, blood vessels, and lymph vessels. 
The viscera of the body,* (exclusive of the heart and parts of the nervous system), 
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comprise four tubular systems,— the digestive, respiratory, urinary, and genital— 
and the ductless or endocrine glanfls. ' All these are wrapped up in the skin and sub- 
cutaneous tissue. 

I 

Anatomy considered with special reference to its medical and surgical bearing is 
aiWad ^Applied Anatomy. Anatomy can»be studied profitably, though to a limited 
extent, by means of cross-sections, CrosstSeclion Anatomy. In the living subject a 
grcflvt deal can bo learned by inspection and jValpation of surface parts. Tliis and the 
relating of deeper parts to the ^kin .surface, Surface A nrrttmtj, are a necc.ssary part of a 
medical educatiort. And, tile X-ray reveals mucli (bat cannot be inve.stigated by 
other means. 



DESCRIPTIVE TERMS 


In describing the relationship of one structure to another it is obviously highly 
necessary — if we would have our description Tinderstood — that we employ certain 
accepted *terms. Only by sp. doing bail we avoid ambiguity and misunderstanding. 

For descriptive purposes the human body is regarded as standing erect,* the eyes 
looking forwards to the horizon, thoarms by the sides, and the palms of the hands and 
the toes directed forwards: this is the Anatojnicnl "Position. The cadaver may be 
plac(?d on the table lying on 4ts back, on its side, or on its face, but for descriptive 
purposes it is assumed to bo standing erect in the Anatomical Position. The palms 
of the hands can be made to faco any direction: resting on the table they face down- 
wards (infcriorly); turn them round and they face upwards- (superiorly); as they hang 
by the sides they may face each other (tucdially), away from each other (laterally), 
backwards (posteriorly), or fonvards (anteriorly). Oruj of these positions, namely, 
the forward facing one, is by conventioii sclectcd as the anatomical one — despite the 
fact that it is not tlie most comfortable. That is .to say, the palm of the. hand is 
understood to be the anterior surface of the hand and it is not permissible to refer to it 
variously as the posterior, inferior, superior, medial, or lateral surface according to 
•passing fancy or because it happens temporarily to face ope of thc.se directions. From 
these remarks it should be evident that to misapply terms of relationship is to court 
confusion. * 

• The body is divided into two halves, a right and a left, by the median or midsagittal 
plane, d'ho anterior and posterior borders of this piano reach the skin surface at 
the front and back of the body at the median or mrd line 

Threes pairs of relative tenns suffice to express the relationship of any given structure 
to another {fig. £*). They ar«: 

Anterior or in front = nearepthe front surface of the body. 

Posterior or bciiind = nearer the back surface of the body. 

Superior or above = nearer the crowm of the liead. 

Inferior or below = nearer the soles -of thfe feet. 

Medial ^ nearer the median plane of the body. 

Lateral = farther from the median plane of the body. 

The foregoing terms are applicable to all regions and all. parts of the body — always 
provided that the body is, or is assumed to b®, in the anatomical position. 

When it is desired to compare the relationship of some structure in man^with the 
same structure in say a dog, it* is necessary to ‘use a different set of terms, terms 
related not to space but to parts of .the body, such as the head, tail, belly, Vnd back. 
For ej;ample: in man standing erect the -heart lies above the diaphragm; in the dog 
standing on all fours it lifes in front of the diaphragm; but in both instances its position 
relative to other parts of thetbody-i^ the same; so, speaking comparaiivehjt one would 
say that both in man and in the dog the heart is on the head, cranial, or cephalic side 
of the diaphragm (Jig. 3). 
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DKSCtoPTIVlJ TERAIS 


TIcnce, the* terms ventral and dorsal^ cranial and caudal^ as well as medial and lateral 
arc applicable to the trunk or torso (thorax, abdomen, and pelvis) irrespective of the 
position assumed by the bo ly. Moreover, it is desiiable to employ these terms in 
embryology and compaiative embryology; and it is quite correct to employ them in 
human anatorin loi no mi^undeistandinjj can arise fiom their use as synonyms for 
anterior, po^Uaior supciior, and inferior. 

In^the limbs, fcims are coppled with referenje to (a) the proximity to the tiunk — 
proamal = neaier the trunk, and is synon/moiis with ‘superior; distal == farther 
from the tiunk, and is synorLyVnoiis witli inferior, (b) tin* morphological bprders — 
preaxial -= the lateral or jadial border (i e , thumb side) of the upper limb, and the 



ri(r ^1. The subject in the \ji i oniu il 
Position— except for the iijrnt ft h uui wh^liiij 
pronated 



I lu I Thn*p purs of surfaces involvinjr mix 
es'trtliil dosenptivc terms 'they are related 
to the three fundamental planes in the body 


medial or tibial bordei (it , t ig toe Mcle) of the lower limb, postajcial = the medial 
or ulnar border of (he iippti limb, and the lateial or hbular bolder of the lower limb; 
and (c) the funetional suilacr^s — flexor and extensor, the flexor surface being anterior 
in the upper hmb and postetior in the lower limb 

"i'he apterior surface of the hand is generally called the palmar (or volar) surface, 
and the iiifeiior surface of the foot the pjantar surface The opposite surfaces are 
called tiie doisum of the hand ajid foot 

Ojher Terms: Inside or interior, and outside or exterior are reserved (a) for bony 
cavities, such as the pelvi(*, thoracic, cranial, apd orbital, and (b) for hollow organs, 
such as the heart, mouth, bladdei, and intestine {fig 4) 

An invQ/fination and an euaqination (L. vagina, == a sheath or scabbard) are inv^ard 
and out^Aid bulgings of the wall of a cavity. 

Superficial and deep denote nearness to and remoteness from the skin surface. 
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XVll. 


On, over-, and under are terms to beware of. They should be used in a* general sense 
and without specific regard to the anatomical po.^tion. Just as a jfly may be on the 
ceiling, wall, or floor, so a tubercle may be on any pait of ’a b6n^, and a sulcus may be 
on any surface of the brain. A vessel may pass under or over an arch or bridge; and a 


Dorsal 

or 

posterior 
surface. 
"The back"’ 



Fig. 3. Throo pairs of terms necessary to comparative anatomy and of more general appK- 
cation than th<)&e gl^?en in figure 2 , 



Interior 

(iTiside) 

Exterior 

(outside) 



Invag Ination. 



Fig. 4. Four descriptive terms.- 



Coronal 
or frontal 
sections 
1 , 2 .. 3 .- 4 . 


I"iq. 5 . The three fundamentdl planes in 
the body. 


nerve may lie under the deep fascia. Used in these senses. the terms are explicit. 
Carefully avoid using them loosely in* place of “superior to** and “infe/ior. to,*’ for 
such misuse is the cause of m^ich misunderstanding. 

In relation to (related to) is not an informative term unless it is specified what the 
relation-ship is, c.g., .close, intimate, remote, occasional. 

Planes: (1) A sagittal plane is any vertical antcro-posterior plane, including the 
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median plane. It Is parallel to the sagittal suture of the skull. (2) A voronal or 
frontal plane is any vertical sidc-to-sidc plane at right angles to the sagittal plane. 
It is approximately parallel io the coronal siiturQ of the .skull. (3) A transverse plane 
is an}' plane at right angles to 1 and 2, i.e., at right angles to the long axis of the body or 
limb. In the ca.sc* of an organ or other stnicturc a transverse plane or a cross section 
is a plane or section at right angles to the long axis of that organ or structure. (4) 
An oblique plane may lie at any angle. 

Muscle aitachment.s. Mijscles are attached at bo^h ends. The proximal at- 
tachment of a limb muscle is <4s origin \ the distal end is its insertion. 

Note. It would be logical to regai-d the fixed emd a:s the origin and the moviitg 
end as the insertion, if they were con.'.tant; but they are not constant, they are rc- 
vei-siblc. Thus, when pulling on an oar, the LatLs^imus Dorsi draws the humerus 
backwarxls, towai'ds the body’; bu(i when climbing a tree, it di’aws the body forwards, 
towards the humerus. Similar examples are numerous in the lowe. limb due to the 



Fig. ’ 6. A cross sccti/^n of ao organ or * .n i a loa made at right angles to its long axis. 

fact that in’walking the rigid loot .-^bdionary on the ground while tlie loft foot is 
advancing; and this conddi(*ij r.'\« r '\vhi‘n the next step is taken. litmce, tlie 
origins and insertions of the lowei limb muscles arc aKernaUdy fixf'd and moving. 

Vessels. Arteiies^au* !ik('n(Ml to trees t\ith branches; veins are likened to rivers 
with tributaries. Hefuic Il u'xw discovered that blood moved ‘‘‘in a circle” both 
arteries and veins sp(;kt'n of as having branches, and thche is no objection to-day 
to referring to *the branch of a vein. ' • . 

Movements at Joints. • To flpx is to'bcnd or to make an angle. 

To extend is to stretch out or to straighten. Movements of flexion and extension 
take plate at the elbow joint. 

To abdyct is to draw away laterally from the median plane of the body. 

To adduct is the opposite movement in the same pl’ahc (L. ab = from; ad = to; 
duco = I lead). Movements of abduction and adduction, as well as of flexion and 
extension, take place at the wrist joint. 

The middle-finger is regarded as lying in the axial line of the hand] and the 2pd toe 
as lyin^n the axial line of the foot. Abduction and adduction of the fingers and toes 
are mowments from and towards these axial lines. The thumb movements are 
named differently, see page J40. • . 
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XIX 


To circumduct (L. circum = around) is to perform the movements of flexion, ab- 
duction, extension, adduction, and flexiop in sequence, thereby describing a cone, as 
can be done at the shoujder, hip, ,wrist, and metacarpo-phalqngeal joints. 

To rotate is to turn or revolve on a long axis, as— the arm aj; the shoulder joint, the 
femur at the hip joint, the radius on the*ulna, and certain vertebrae on eai’h other; 

To pronale was originally to bend or flc»the t)ody forwards as in obeisance in prayer, 
that is fjice downwards or prone. Ap\)Iic.d to the foreartn it means to turn it sD that 
the palm of the hand face'* downwards on, a table, which is the equivalent of facing 
backward.s wlieri it hangs by the side. Pronation is, therefore, a movement of medial 
fttation. 

To supiiinle is to rotate the forearm laterally so that the dorsum of the hand rests 
on the table' or faces backwards when the limb hangs by the side. Supine = lying 
on the back. 

To prolroct (L? pro = forwards; traho = I pull) is to move forwards. 

To rcirac.l is to move backwards. Protraction and retraction are terms applied 
to thg movements of the jaw and shduldet girdle. 

For every reason the .student should from the.lirst u§e, use only, and use correctly’ 
the accepted terms. 




ADVICE TD THE DISSECTOR 


Though not a dissector’s guide; this inanual is for use in the laboratory and mu- 
seum where dissected material is aAraiiable? and some advice to the dissector 
is ventufed. 

Wear a long’ white coat as a protection Co your do*t]ies, and keep your nails short. 

• Material. You, the dissector, will appreciate the privilege accorded you of 
being able to study human material and your natural instincts will lead you'to treat 
it wfth {he respect due to thodcad. 

Before you assume responsibility for the cadaver- it has been embalmed with 
antiseptics (probably including-carbolicsacid), hardening fluids (probably spirit and 
formalin), hygroscopic agents (probably glycerine and potassium acetate), and salts; 
the arteries have been filled with a aolorejd mass (probably starch, red lead, and glue) 
to render them conspicuous. ‘Take intelligent steps tp keep the parts allotted for . 
di.sscction firm and moist but not sodiicn, because a part ‘that has been allowed to 
dry cannot be restored to its former state. Keep -the part surrounded with cotton * 
waste, which is soaked in lotion (e.g., saline solution containing an antiseptic, glyc- 
erine, and spirit, with forfhalin as required) and held in place with.* bandajjc;’and 
envelope it in a waterproof sleeve open at one end like^ pillow-tase. Never expose . 
even for half-an-hour more of a part than necessary. For example, keep the forearm 
and hand properly covered while investigating the axilla and arm, and keep mois- 
tened cotton wasfc in the axilla and about the arm while investigating the forearm 
.and hand. Unwrap and examine the covered parts periodically (every week dr two 
at the start) and moisten if necessany; pour fluid into the nose. and mouth; and pay 
special attention to the hands, feet, nose, scalp,,and external genital organs which dry , 
readily. Ignoring holes in the waterproof ^ack and letting the ends of doths project 
beyond the mouth of the sack, so that they act as wicks promoting loss of fluid, is 
not acting intelligently. J^otion injected l^podennically followed by massage will 
partially refresh neglected f)arts. Water is apt .to cause mould to grow. Swabbing 
with carbolic acid and glycerine destroys mould. It is donvement to have at hand a ’ 
round, 10-12 ounce bottle of lotion fitted wilb a spnnkler such aS laundry maids use. 

Instruments. Required are a pair of forceps, a seeker, scissors, two knives, 
and a stone. The forceps shoqld be 41-5’ inches long with handles transversely 
ridged to prevent slipping, ends blunt and .rounded, and gripping surfaces ridged and 
furrowed. A seeker, that is a rigid 5 inch steel probe with bent tip, is required for 
seeking for nerves and vessels in areolar tissue and fat. The finger makes a useful 
explorer. The scissors should be about 5 inches long,, preferably with the tip of one 
blade .sharp and the other blunt. Knives: Two knives are required. One is for rough . 
work such -as cutting skin and tendons. The, handle of this knife, if squared at the 
end so as to have two edges like the qnd of a microscope slide, can be used for scraping 
periosteum and fascia from bone and thereby displaying the attachments of tendons 
and ligaments. The other Ipife is for the more delicate work, for cleaning vessels, 
nerves and the Uke. The handle of this knife, if smooth and rounded at the end,, can 
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be used as a separator or- blunt dissector. If the handle of the knife slips in your 
grasp, winding around it a few turns of thread or adhesive tape will afford a friction 
surface, or a length of rubljer tubing may be flipped over the handle. The blade 
should be TJ inches long and narrow throughout. Some convexity is necessary be- 
• cause, ifi dissecting, the blade usually precedes the handle and in this position a straight 
edge tends to hook up the tissues. The co^ivexity should however be slight, and the 
points should be well tapered rather than well rounded. In dissecting, the terminal 
3 to 5 mni. of the blade arc usc;d almost exclusively. A full bellied edge therefore is 
excess metal to be worn away on the grindstone. 

A. good blade is made* thin (except at the back) by being hollow-ground. This 
enables it to be sharpened readily. Its rigidity depends upon the thickness of its 
back. Detachable blades are very thin throughout. A thick blade retpiires frequent 
grinding. While in use the end 3. to 5 mm. should retain the shar])iiess of a razor. 
For this a few strokes on the sharpening stone are required many times a day. Make 
incisions with the belly of the blade; dissect with the end 5 mm.; sever with the lied 
any tougli tissues that would blunt the cutting edge. The sharpening stone should be 
• flat, Imrd, and of fine texture (harbor.undnm is satislVndor^O. Soap lather may be used 
for lubricating. lOvcrydnc who possesses a kniic also ])osscss a shari)cning stone. 

• SharteninCc the Knife. V'lmved under the microscope the margin of a well 
sharpened blade is ruled with pai-all(‘l lines to the depth of 1 mm. and the very edge 
is finely notched, somewhat like a snw'. Siuili an edge cuts with less pressure than a 
perfectly smooth one. Tin* aim thendoro in sliarjx'ning a knife is to direct the stroke 
so as to produce sucli an edge. The sliarjiening is best done ))y making ten strokes 
alternately on one side of the blade and then on the other, using light ])ressurc. d"he 
edge requires to be ground to the depth of 1 nim. only, so by raising the back of the 
blade just clear of the^stone unneressiu-v grinding can be avoided. The cutting 
edge should move forwards at an angle^ of tiO'. If 1h(^ bhnle were straight the move- 
ment would lie' a simple one, Ind Mu ])l:nle has a belly and a point. It is especially 
necessary to maintain an angle of jyif when tlie holly and point are in contact with 
the stone and in order tcMio -^o n rurr.' tnuU he described 'whtcli is identical with the curve 
of the blade (figs. 7, .9). 

Wien the knife i'L wny dull and considerable grinding is necessary, stroke the 
blade along the stone, edgt^ l(\idiag, because the “wire edge'^ formed in the process is 
more readily brush.ed away than when the edge follows, ('ontinue the grinding 
until the dull areas and notcdies are cblnplctely worn away. Jdght pressure only is 
required. The procedure is as follows: the heel of the blade is applied to the right 
hand end of the stone, position 1, with tlie edge making contact at an angle of 60®, 
and the ‘back of the knife raised free from the stone. ' The knife is drawn forw^ard 
and toward the operator. 

When tlie curved portion of the blade is advancing iii contact, with the stone the 
guiding hand makes a sweeping movement’ -describes an arc — thereby maintaining 
contact at 00®. At the sgme time the handle irs well as the back of the blade is made 
to rise progressively in order that the margin shall be ground to the same depth (1 
mm.) tij^oughout. 

The stroke is not completed until the very tip of the blade has made contact 
Eaeh stroke is made in exactly the same fashion. 



ApVICE TO THE iftSSECTOR 


-Will 


The sharpening is best completed by making about five strokes on ’one side and 
then five on the other, using very light pressure and v^ilh the back now leading and the 
edge following. The procedure would bS illustrated by figuie 3 by reversing the 
direction of the arrows. It will be*observed that the direction of the lines on the 
blade is not altered thereby. WitS reference to the foregoing •description thi§ might 
be termed the return stroke. 

■ 

Care must be taken not to leave the tip urft>harpened. Students frequently pre- 
sent bladbs which are unsatisfactory though ^'sharjiened”. In these cases the micro- 
scope reveals tht hist 1 or 2 min. to have matie no confjict with IhC' stone Stropjnng 
i^not nccessaiy: very delicate w^ork can be undertaken successfully without the aid 
of a strop (The foregoing description is by Dr B.*L. Guyatt ) 


BACK 



ruF FXTENT OF THE AREA OF 
BLADE TO BF 'jROUNO INDICATED, IS 1mm DEEP 

I IQ. 7 




Dissectioim In dissecting the rule is to. begin by locating the important struc- 
tures and those m dai^ger of damage Nerves are, for the most part, more important 
than vessels; motor nerves than sensory nerves; arteries than veins. Where there are 
so many veins that*^The wood cannot be seen for the trees’^ let all but the cViief ones 
go, thei^by saving time and obtaining a clearer picture; e g., in the axilliJ keep the 
axillary and cephalic veins; in the femoral triangle the femoral, profunda femoris, 
and long saphenous veins. If an important artery has been destroyed, save its com- 
paniqn vein as a substitute.^ Cutaneous veins are usually superficial to cutaneous 
nerves. Cutaneous nerves commonly pierce the deep fascia accompanied by arteries, 
which if well injected serve as guides to the less conspicuous nerves.- Ev^ry dis- 
section should, so to Speak, be set in a frame composed of significant local structures — 
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such as the borders of miiscles, main arteries, and bones— from which one can get 
one’s bearings. After the contents of the frame have been identified, the areolar 
tissue and fat should •be Yentbved from the muscles, and the vessels and nerves should 
be cleaned with the knife and by drawing the gripping surfaces of t|ie forceps 
.along Uliem. A clean* dis.section in its {fame impresses the eye. The dissection 
should be ended by defining the bony attachments' of the tendons; doing so at the end 
of a'jlissection takes no time;, it immensely improves ones knowledge of the bones; 
and it reveals the direction of the pull of the ri^uscles and , perhaps their actions. The 
same apfiiy to ligaments. ]V(jisdcs being important as landmarks should /lever be 
divided without very good reason.s. 

It is waste of time to clean uiVidentified structures. 

Where two are working on the same part, one should' spend some of his time read- 
ing, examining other specimenrs, in the museum, or in preparing him.self for his turn at 
dissection. The thoughts ‘behind tVe knife count more than the medianical process of 
dissecting. 

As a routine the last^5-15 minutes of each cIi.ssection period should be spent in 
. namiijg and handling structures, in restoring relations that have been disturbed, and 
in reviewing the work -of the day. 
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CHAPTER 1 


.This section deals, in a.gcneraj way, 
with the systems of the body. Rowever, 
certain lists of items and some details of 
structure, nerve supply, and blood supply 
are included for^the convcnicn/jc of tlie 
more advanced student. The beginner 

should pass them over lightly. 

0 

BONE AND CARTILAGE 

A bone of a living man is itself a living 
thing. It has blood vessels, lymph 
vessels, and nerves. It grows. It is 
• subject to di'^ease. When fractured it 
heals itself; and if the fracture is so im- 
properly set that the parts have tost 
their previous alignment, its internal 
structure undergoes remodelling in order 
that it may continue to withstand strains 
and stresses as it did before. Unneces- 
sary bone is itsorbed: for example, follow- 
ing Pile extraction of a tooth, the walls » 
of the socket, thus rendered empty, 
disappear; also, the bones of a paralysed 
limb atrophy (become thinner and 
weaker), froin disuse. Conversely, when 
bones have increased weight to support 
they hypertrophy (become thicker and 
stronger). • 

Bones ‘ have an organic framework of 
fibrous tissue and ’cells, amongst which 
inorganic sails — notably, phosphate of 
calcium— arc deposited in a characteristic 
fashion. The fibrous tissue gives the 
bones resilience and toughness; the salts 
give tkem, hardness and rigidity and malje 
them opaque to X-rays. On6 third is 
organic; two thirds' are inorganic. 


Physical Properties. By submerging 
a bone *in a mineral acid the ^alts are 
removed, but the organic material re- 
mains and, still displays in detail the 
shaper ’of the -untreated bone. Such a 
specimen is flexible: for example, a de- 
calcified fibula can be tied in a knot 
(Jig. 10); \vhen*the knot is untied Jthe , 
fibula springs back into shape. 



Fio.lO. Adecalcified fibula can be tied ina knot. 

• 

The organic material of a bpne, long 
byrifd near the surface of the earth, is 
removed by bacterial action* (i.c., de- 
composition) and only the salts remain. 
The Same result' can be achieved more 
speedily by burning with fire.' A bone 
so-treated, being more brittle than por- 
celain, will Ijrcak unless handled with 
care. Bones that have lain buried in a 
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limestone cave become ' petrified (i.e., 
calcium carbonate replaces the organic 
material); so, they endure; so do those 
that are mineralised through lying in 
soils containing, say iron, lead or zinc. 
Moisture being necessary to bactqrial 
aetTon, hones that have remained thor- 
oughly dry (mummified) retain thcii; 
organic framework and therT'fore much 
of thxMr toughness. The anthropologi^yt 
about to exhume fragile hones fin^t tough- 
ens them hy “petrifying^^ artifieially, 
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Fig. U. The striioturp of .'i rlned Ijonc tU 
shown by longitudinal and verge sections 

of, a humerus. * . 


by impregnating them with shellac dis- 
solved in spirit or with cellulose dissolved 
in acetone. 

Functions of Bones. In addition to* 
being '(IJ the rigid supporting framwork 
of the boiy, bones serve as (2) levers for* 
muscles; (3) they afford protection to 
certain viscera (c.g.; brain and .spinal 
cord, heart arid lungs, liver and bladder) 
(4) they contain marrow, which is the 
tactoqjj^or blood cells; and (5) they are 
the storehouses of calciiftn and phos- 
phorus. 


Structure of a dried bone seen on sec- 
tion {Jig. 11). Macroscopically, there 
arc +\\o forms of bony tissue (a) spongy 
or carccllous and (b) compact or dense. 

All bones have a complete outer casing 
of compact bone; the interior is filled 
wi’tlx si)ongy bone except where re- 
placed by a medullary cavity or an air 
sinus (s(‘L‘ l)(‘low). In a long lione, such 
as the humerus, the compact bone is 
thickest iK'ar the middle of the shaft 
and it becdnics progiessiv'cly thinner as 
the bone expands towaids its articular 
ends, thh*se being eoxor^'d by a mere shell 
of compact bone. Conversely, spongy 
‘’bone fills the cxj)anded ends and extend? 
for a vanable distance along the shaft 
but leases a tubular space, the medullary 
caoily. The lamellae or ])lates of the 
sponge work are arianged in lines of 
pressure and of tension, and in an X-ray 
photograph the ])rossure liiuis are seen 
to pas‘> aeros'- joints Irom bone to bone 
(Jm f(>S of I lie hip joint} 

Classification. The bones of the body 
may be classified variously - 

ij) Di-VKf orMENTAULY: accordiiig to 
whether they developed (a) in cartilage 
or (b) in membrane 
(2) Regionai.ly 


Axial 

Bones 


Appendicular 

Bones 


1 

Skull 1 

f cranium 1 
face / 

1 auditory ossicles 

22 

6 


[hyoid 

1 

Vertebrae 

26 

Ribs 


24 

Sternum 

1 

Upper limb 1 


Pectoral girdle^ 

Free bones J 

64 

Lower limb 1 


Pelvic girdled 

Free bones J 

62 



"iJe 


This number is not exact. It varies with 
age and with the individual, being larger 
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in youth .while the individual parts of (secondary ceptros) subjacent to the 
compound bones (e.g., frontal, sacrum) boariifg surfaces soon after birth, 
are still discrete and when accessory or Excvpiiousr J^lveiy long bone does not 
supernumerary bones arc* present^ ^'and conform to all the foregoing specifications, 
being smaller when two bones have fused .For example, the daviclv, has no marrow 
(e.g., fusion of lunate and triquetrum, cavity; it is largely preformed in mem- 
or of two vertebrae) and when a bone is brrfne; and only one end is enlajged. 
suppressAl or congenitally , absent (e.g., Again, the temfnaZ of the hand 

absent phalanx or vertebra). hnd foot; c^e non-articular at their distal 

•(3) Accordi\"g to Shape): ■ • ends, are tapering, and have no medullary 

rot peculiar to the lim’bs. u n i ^ 

(2J Short] The nos, though asually clas.sined as 

(3) Flat \ peculiar to the axial flat bones, <xrc certainly not lacking in 

(4) - Irregular] ^ikeleton and tl>« girdle* length’.* Except that they are somewhat 

(5) Sesamoid — in certain tendons. flattened and "have no medullary cavity, 


Long Bonks arc tubular. Thoji are. they fulfil the ^ecification.s of a long 


confined to the limbs, where they serve 
as levers for muscles. By their length 
they increase the roach of the upper limb 
and the stride of the lower limb. Primi- 
tively, all long bones are w8ight-bearing. 
• A long l)one has a shaft (body) and 
two ends. The ends, being articular, 
are smooth, covered with cartilage, eitfier 
convex or concave’, and enlarged. This 
enlargement increases the bearing surface 





and diminishes the risk of dislocatnon. 
The shaft is ^hollow (medullary cavity) 
as a ^traw is hollow, thus obtaining most 


Surface 

Fi(.. 12, Tlio S hordcMS aro UQheiidahlc, liko 
•angle -iron. 


strength with least expenditure of mate- 
rial and with least weight. ’It, typically, 
has three borders which separate three 
siyfaces, so on cross-section it is triangu- 
lar rather than circular. The borders 
may be likened to 3 pieces of unl^endable 
angle-iron; 3 surfaces, connect tile 3 un- 
bendable borders {fig. 12). Tbp three sur- 
faces and borders air named by opposites, 
see page® 120, 410. The shaft. is thinnest 
near its middle ancf it expands gradually 
towards each end. Long bones develop 
(arc preformed) in cartilage.. The shaft 
of every long bone begins to ossify (pri- 
mary centre) about the 2nd to 3rd foetal 
month. ^ One or both ends begin to ossify 


bone. The vertebrae are classified as 

♦ 

irregular bones, but their bodies possess 
most of the features of a long bone. 

^ Short Bones are ’pubical. They are 
confined to the carpus sTnd tarsus. In 
structure they are almost identical with 
,the epiphyseaPends of long bones. They 
have six surfaces of which four,(or less) 
•arc articular, leaving two (or ijiore) free 
for the attachment of ligaments and for 
the entry of blood vessels. They de- 
velop * in cartilage, and they begin to 
ossify soon after birth. . ‘ 

Of the short bones, 3 (calcaneum, 
talus, and cuboid) start ossifying before 
birth; so do the epiphyses of 3 long bones 
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(knee end of femur and tibia and com- 
monly the shoulder end of humerfts); 

Flat Bones resbnble * sandwiches. 
They consist of two layers or plates of 
. -compact bone with spongy bone and mar- 
row spread between them. Many of the 
skuK- bones (e.g., parietal, ‘Vomer), the 
sternum, ribs, scapulae and parjs of other 
bones arc of the flat type. • Most flat* 
bones help to form the walls of rounded 
cavities and therefore are curvW. At 
birth a flat bone consists of a single 
plate. The spongy bone arid njarrow, 
called diploe in the cranial bones, appears 
some years later and Splits the plate into 
two. The marrow may, however, be 
* spread unevenly leaving tho^ plate single 
and translucent m parts. To verify 
ibis, hold the occipital, sdjuamoys tem- 
poral, scapula or ilium to the light. 

Irregular Bones have any irregular 
or mixed shape. All skull bones, not of 
the flat type, are irregular (e.g,, sphenoid, 
maxilla), so are the vertebrae and the 
hip bones. Tl'hey arc composed of 
spongy bone and marrow within a com- 
pact covering. 

Pneumatic Bones, Evagination^ of 
the mucous ’lining of the nasal cavities 
and of the middle car and tympanic 
antrum invade the diploe of certain flat 
and irregular bones of the skull, thereby 
producing air cells or air si)iuses. This 
pneumatic method »of construction may 
be economical in bone material, but it 
iavites “colds in the head“ and other 
infections of the nose and throat to ex- 
tend to 4hese. sinuses. 

Sesamqjd Bones are nodules of bone' 
that develop in certain tendons where 
they mb on convex, bony surfaces. 
(“Sesamoid'^ 'of Arabic origin — like a * 
seed; cf. “open sesame^' of Ali Baba and 
the Fc^ Thieves.) The free surface 
of' the nodule is covered with articular 
cartilage; the rest is buried in the tendon; 


it possesses no periosteum. (See p. 17.) 
^ The most important occur in: Quadriceps 
Fempris (patella). Flexor Hallucis Brevis 
(2 at ^ ball of big toe), Flexpr Pollicis 
I Brevis (2 at ball of thumb). Flexor Carpi 
.Ulnaris (? pisiform), lateral head of 
‘Ggfistrocncmius (fabella), Peroneus 
Longus (at si/ie of cuboid), Tibialis Pos- 
terior (behind scaphoid), palmar plates 
at the* heads ‘of metacarpals 2 and 5. ' 

Supernumerary or Accessory Bones. 
Certain bories normally ossify from sev- 
eral centres, and it sometimes happens 
tnat one or more of the^e centres fails to 
unite with the main mass of the bone; 
again, an abnormal or extra centre of 
ossificatiori may make its appearance and 
the re.sulting bone may remain discrete. 
In either case, the result is an accessory 
bone. These are commonest in the skull, 
and at the wrist and ankle. In X-ray 
photographs accessory bones simulate 
fractures. They are, however, usually 
bilateral; so, X-raying both sides of the 
body may aid in making a correct diag- 
nosis; also, their edges have a covering 
of compact bone, which fractured bones 
have not. 

Examples: The right and left halves 
of the frontal commonly fail to unite; 
ununited upper parts of the occipital 
(interparietal and prein terparietal) and 
sutural or Wormian bohes (j.c., bones in 
the sutures of £he vault of the skui!, 
about the size of a finger nail) are not 
uncommon; bipartite parietal and zygo- 
matic bones are rare; the distal epiphysis 
of the acromion compionly remains dis- 
crete 78)-] the 5th lumbar vertebra 
is commonly in twb^ pieces {fig, ^08)] 
the patella may be bipartite {fig„ 489). 
Supernumerary carpals and tarsals occur 
(p.489). • 

Megrkings on a Dried Bone. The sur- 
face of a dried* bone is smooth, in fact 
almost polished, over areaa covered with 
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cartilage end where tendons play in 
grooves (cf., head of the humerus and the 
bicipital groove; upper and under sur- 
faces of tlje sustentaculufti tali). ^ It is 
also smooth where the fleshy fibres of 
muscles are attached. Near the efids of ^ 
a long bone there are large vascular 
foramina*for veins and arteries; and pieit- 
ing the shaft oljliquely is the nutrient 
canal, for the medullary artery, -which 
' may be two inches long. Markings oc- 
cur Wherever fibrous tissue is«attached — 
no matter whether it be a ligament, ten- 
don, 'aponeurosis^ fascia, in terra uscula* 
septum or fold of dura mater (falx and 
tentorium) . Fibrous-tissue markings., 
are, however, not present at birth nor in 
the young (e.g., they are not seen on a 
soup bone). They appear about puberty 
and they become progressively better 
marked with advancing ag^. 

• Markings take the form of (a) eleva- 
tions, (b) facets, and (c) depressions. 
Elevations, in order of prominence :-^a 
linear elevation is* a Zzne, ridge, or cre^i] 
a rounded elevation is a tubercle, tuberos- 
ity, malleolus, or trochanter] a sharp eleva- 
tion is a spine or styloid process. Small, 
smooth, flat areas are called ^facets (cf., 
the facet of a diamond). A depression* 
is a pit or fovea, if small; a. fossa, if large; 
a groove or sulcus, if it has length. A 
notch or incisura, When bridged by a liga- 
rai^nt on by bOne is a' foramen (i.e., a 
perforation or hole), and a foramen that 
has length is a canal or meatus. , A canal 
has an orifice at each' end; (the external 
auditory 'medtus, however, an e;xcep- 
tion). The portioiT of a natch, foramen, 
or orifice of a canal pver which' an emerg- 
ing vessel or nerve rolls is rounded, but 
elaewhere.it is sharp. Therefore, even 
on ardried bone the direction taken by the 
emerging occupant is evident (cf., lesser 
sciatic notch, anterior i^aer^I foramina, 
infra-orbital canal). 


Areas coverefl with articular cartilage 
are called articular facets, if approxi- 
* matcly flat. •Certain rounded articular 
areas are called heads, others condyle9 
^(= knuckles). K* trochlea or pulley is 
usually a concavo-convex (saddle-shaped) 
artfcular area. 

Note, then, on the dried bone (1) that 
the area of [ittachment of the fleshy fibres 
of a muscle capnot be determined by 
inspectieJn, but (2) that tendons, liga- 
ments, and other fibrous structures make 
their mark, « and (3) that the mark indi- 
cates precisely the limits of their attach- 
ments. 

A Living Bone or a Dissecting Room 
Specimen Buford Maceration. Tbjp ar- 
ticular parts are covered with hyaline 
(articular) cartilage. This is not. equally 
thick a? all points; so, its contour is not 
identical with that of the underlying 
bone. Henqp, macenated bones dfo not 
articulate perfectly. Periosteum en- 
velops all parts not covered with coig- 
•tilage and not giving attachment to 
ligaments and tendons.' It consists of 
two layers (1) an outer, fibrous membrane 
and. (2) an inner, vascular one lined with 
Jbone-forming cells, the osteoblasts. The 
periosteum is easily scraped off with the 
l^andle of the scalpel, leaving, however, 
mail}" osteoblasts adhering to the bone. 
Fibrocartila^£ lines* grooves where ten- 
dons exert pressure.* Some elevations 
seen in the macerated bone are but shad- 
ows of what they were before macera- 
,tion, because’ in life they had fibro- 
cartilaginous extensions now sl^^d. (e.g., 
,the dorsal radial tubercle of Lister before 
maceration, was continued up t^e radius 
as a fibrocartilaginous ridge that gave 
attacliment to the extensor retinaculum). 

The Parts of a Young Bone \fig. IS). 
At birth both ends of a long bone are 
cartilaginous masses, cartilaginous epiph^ 
yses, (Gk. epi « upon : phusis » =* 
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growth)- The part of .the bone be- 
tween the cartilaginous ends is tHe dia- 
physis (Gk. dia = in i)ctween, across). 
It comprises a rasing of compact bone 
which encloses a medullary cavity at its , 
middle and spongy bone at each end, and 
all Is filled with red marrow.. The dia- 
physis is clothed in ppriosteum; this is 
structurally contiguous with the peri- 
chbndriym which clothes and adheres to 



Fig. 13. The parts of ayoiin^f bone as shown 
by a longitudinal section of a fomur. 


the cartilaginous ends, except, of course, 
on articular surfaces. 

Epiphyses. . (1) During tJie firsthand 
second yoprs .one (or both) of the carti-‘ 
laginous epiphyseal ends begins to ossify 
subjacent to the site of, articulation, con- 
stituting, a pfesaure* epiphysis (e.g., head' 
of humenls, condyles of femur). (2) 
Later, generally about puberty, inde- 
pendenxossific centres app(?ar in the carti- 
lage at the sites of attachment of certain 


tendons, constituting Iractioiy epiphyses 
^ (e.g., tuberosities of humerus, trochanters 
of femur). (3) A third type of epiphysis 
is 1h(' atavistic epiphysis. Atavistic epi- 
physes phylogenctically were independent 
, bones now grafted on to other bones (e.g., 

‘ co?acoid processes of scapula, posterior 
tubercle (os- trigoiium) of talus). 

The lajTi- of cartilage between an os- 
sifying epiphysis and a diaphysis is an 
epiphyseal plate. The region of the di- 
aphysis adjacent to the plate, the meiaph- 
ysis (Gk. meta = beyond), is the site 
\vhere growth in length takes place. 

, All long bones — including the meta- 
'carp'als, metatarsals, and phalanges — 
have a pressure epiphysis at one end or 
the other; 5 paired bones alwaj^s have 
pressure epiphyses at both ends (viz., 
humerus, radius, femur, tibia and fibula) 
and a few bones occasionally have them 
at both ends (viz., clavicle, Lst and 2nd 
metacarpaLs and 1st metatarsal). The 
ulna also has an epiphysis at each end, 
blit the proximal one is a tractioD 
epiphysis due to the pull of the Triceps 
lendr/ii. 

A pre.^sure epiphysis has Ixhmi regarded 

a pmteclivt* rap to the metaphysis or 
aclivol.v growing portion of a bone. 

Increasing'^deposits of periosteal bone 
cause the nutrient canal (which early ran 
transversely) to occupy an oblique posi- 
tion directed away from the epiphysdal 
end — or, in cases where there is an 
epiphysis at each end, from the more 
actively ' growing end. Accordingly, 
growth being more aqtive at the shoulder 
and wrist than at the elbow, and at the 
kneeHhan at* the hip and ankle, the canals 
are directed towards the elbow and away 
from the knee. Further, where there are 
two -epiphyseal ends, the one that has 
most, work to do (i.e., that makes the 
greater contribution. to growth in length) 
is the first to start ossifying and the last 
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to fuse with the diaphysis. When fusion 
(synostosis) takes place, growth in length < 
practically ceases. OssJ^cation smarts 
earlier in females than in males and is 
completed earlier, even by as much as 
two or three years. ^ 

Ossification. There are two types *of 
ossification (a) jntracartilagihous or en- 
chondral and (b) periosteal or intramcm- 
bTanous. In a long bone both types take 
place concurrently. Quite arbitrarily the 
process of ossification may be divided 
into seven stages: (1) The diffuse meso- 
derm, mesenchymij in the central axis of 
the limb of the embryo condenses to form 
a long rod of denser mcsenchyine. ^rhis* 
is divided by less dense areas (wliich mark 
the sites of .the future joints) into seg- 
ments corresponding to the future bones. 
(2) Each coiuhniscd segment turns into 
hyaline cartilage and assumes the shape 
of the future adult bone; it is a cartilagi- 
nous model. (3) In the centre of Ijie 
model^thc colls enlarge and form longi- 
tudinal rows, and calcium salts are de- 
posited around them, forming calcified 
cartilage. This process advances ' to- 
wards both (yids of the bone.^ (4) The 
osteoblasts in the perichondrium envelop- ^ 
ing the cartilage lay down bone, layer 
upon layer — so, the perichondrium must 
now be called periosteum. This process, 
winch is independent 9 ! the cartilage, 
is^an example of periosteal or intra- 
membranous ossification. (5)* Vessels 
and accompanying cells from the peri- 
osteum bjurst through, as an expanding 
bud, into the calcified cartilage, which 
breaks down before them, lay ^own tem- 
porary spongy bone*and give rise to bone 
marrow. This process now advances 
towards bbth ends of the bone, and nl- 
timaTely the calcified cartilafee is' com- 
pletely replaced by spongy bone. .This 
process, replacing cartilage, ^is the en- 
chrgndrai t 3 rpe of ossification. About 


the 6 th month, resorption of the central 
I part of the spong^j bone leads to the 
formation of a medullary cavity. ( 6 ) 
After birth, at the, centre of one or both 
•cartilaginous ends, the process* of en- 
► chq/idral ossification is repeated — in short 
an epiphysis* takes form. Ossification 
progresses, in the epiphysis until only 
two sheets* of cartilage remain (a) the 
artictil{ii\ cartilage that covers the- end 
of the bone and persists throughout Jife, 
and (b) a residual plate, the epiphyseal 
plate f . 4 )laced .between the diaphysis 
and the bony^ epiphysis forming a syn- 
chondrosis. (7) Ultimately, when the 
bone has attained its adult length, the 
plate Also o^fies, that is, synostosis re- 
sults — the site^ commonly being marked 
by an epiphyseal Une (fig. 11). 

Short hones ossify encl^rondrally jjke ^ 
epiphyses. The clavicle and all the^bones 
of the skull, fexcept thbse of the base, are 
not preformed in cartilage but ossify di- 
rectly from membrane, as in item (4) of 
the preceding paragraphs The bones of 
the base .preformed ^iti cartilage are (a) 
occipital, save the interparietal part; (b) 
sphenoid, save the greater wings and the 
IncdiaL pterygoid laminae; (c) ethmoid; 
(d) inferior conchae; and (e) temporals, 
sctve the squamous and tympanic parts. 

Bone .Marrow makes blood cells. 
Blood* ceils have but .a short life, the red 
cells living only about*six weeks, and the 
birth rate necessarily keeps pace with the 
death rate. 

• At birth spongy bone, which at this 
age i.s limited in quantity, and th 8 niedul- 
larj^ cavities of the long bonessare filled 
with red (blood forming) marrow. By 
the 7th year, the amount of spongy bone 
has increased and the red marrow has 
extended into it; but at the same time has 
receded from the medullary cavitjes only 
to be replaced there by yellow (fatty) 
marrow. By the 14th year (puberty) 
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red marrow is almost entirely replaced 
by yellow in the lijpbJjones; thereafter,* 
it is confined to the axial skeleton-^skull, 
vertelyae, ribs, and sternum. In certain 
conditions (c.g., pernicious anaemia/ 
where the death rate of the red cells is’ 
higfi, the yellow marrow reverts to red in- 
an endeavour to jaupport the* birth rate. 

. Vessels and Nerves. Atiteries sup- 
ply 'lofig bones thus: (a) periosteal twigs 
enter the shaft at innumernbic points, 
run in the Haversian eanal^s and supjdy 
the outer part of the compact bone of the 
shaft; (b) twigs from arteries which 
anaatomose around the joint (usually be- 
tween the bone and the reflexion of the 
83movial membrane) supply the ends of 
^the bone; (c) tlie nvtripnt {medullary) 
artery divides into a proximal and a dis- 
tal branch; these supply the marrow, the 
meta^physcs and the inner part of the 
compact bone, and they anastomose with 
the periosteal twigs in the Haversian 
canals and with the artciies around the 
joint; (H. A. Harris regards the branches 
of the nutrient artery virtually as end 
arteries to the metaphyses") 

Veins. . There are period leal veins a fid 
medullary or nutrient veins, hid (he cJiief 
veins, enriched with young blood 
escape by the largo foramina near tlie 
ends of the bone. 

Lymph VEssELS«xist in (lie periosteum 
and in the perivascular lymph sjiaces in 
Haversian canals. 

Nerves. Sensory nerves are plcaitiful 
in the periosteum, and nerves ((?) vaso- 
motor) accompany the nutrieni. artery. 

The Vessels in the bony’ canals can 
neither contract appreciably nor dilate. 
In fractujje^, therefofe, blood continues 
to ooze from the broken ends of the bone; 
in acute inflammation, the vascular reac- 
tion b6in|^ineffcctive, local death results. 

, Historical. One day in 1736, John 
Belchier, surgepn on the staff of Guy^s 


Hospital, London, was dining with a 
friend. A joint of pork was served, and 
it v/as commented that the Ibones were 
red. ' The host, who was a cdlico-printer, 
explained that he utilised bran soaked in 
njadder from his dye vats to feed his 
•pigs, and to this he attributed the colour. 
Bclchier coftimunicated this fact to the 
Royal Society, and it was printed in its 
transactions. 

Duhamel, a French squire, read Bel- 
chier's paper and, being curious, fed 
^madder to some of his fowls anc} pigs; 
and with the same red result. He then 
conducted a number of experiments on 
pigs and found that if the animaJs were 
killf'd while the feeding of madder was in 
progress, the bones appeared red, and 
that if the feeding of madder had ceased 
for a period the bones appeared white. 
On laying open the bones, he found that 
though they were white outside they were 
red inside. By alternately feeding food 
with madder and without, he pipduced 
bones iivith alternating red and white 
rings or layers, so he concluded that bon^ 
ii. crease in girth like trees and that the 
periostoupi is responsible for laying down 
the rings. He encircled growings bones 
with rings of silver wire and in time he 
found the wire inside the medullary cav- 
ity, because the cavity too had enlarged 
— but he did not understaYid bow. ^ 

In the shaft of a growing bone Du- 
hamel bored holes at measured distances 
apart, and in them inserted silver stylets" 
to keep them open. After a. period he 
killed the animal and found that, though 
the lengtji of the bone had incr'eased, the 
holes remained the same distance apart, 
so he concluded that growth ih length 
takes place at the ends of the long bones. 

John tfunter sought further explana- 
tion. Knowing that the lower jaw has no 
epiphyses ‘'and that the milk teeth of a 
child fill the body of the’ jaw right -back 
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to the ramus, he wondered how space 
was found for the three additional teeth, 
the three permanent molars. He sur- 
mised that Ihe growth of*bone er^tails 
two processes — one of deposition (addi- 
tion), the other of absorption (subtrac- 
tion). Only thus could he account f(n* 
the growtfi of the jaw, the formation ancf 
progressive enlargement of medullary 
cavities, and for changes in the neck of 
•the femur (fig, Ui), About 1764* John 
* Hunter — employing on pigs madder feed- 
ing experiments and using controls — put 
his theory to the 4,est and proved it to • 
be correct. (Consult ‘‘Menders of the^ 
Maimed'' by Sir Arthur Keith.) • 

Recently, Brash's extensively* planned 
madder experiments have shown that the* 
skull bones grow not at the suture lines 
but through additions to their outer sur- 
faces while subtraction takes place pari 
passu on their inner surfaces, (i.e., the 
pericranium deposits, the endocranium 
removes). And by a similar process the 
tooth sockets move 'forward as the jaws 
enlarge. 

H. A. Harris has shown that the growl 
of the skeleton is sensitive to relative! 
slight^ and transient illnesses* and t 
periods of malnutrition; that when 
child is ill or starved, its* epiphysei 
plates, ceasing to proliferate, becom 
heavily calcified; and that when growth ! 
resumed, this line of arrested growt 
appears as a veritable scar. The se£ 
sonal rings in deciduous trees and the 
annual rings on the scales of fish likewise 
bear evidence of growth retarded or 
arrested ^d its resumption.- Figure 16 
makes clear his statepient that “sincerthe 
tran8vei:se striations remain steadfastly * 
parallel and equidistant, wc now have 
convincing proof that there is no inter- 
stitial growth in length in the j^aft of* 
the tibia, and all gro^h in lepgth takes 
place by ^he apposition of new bone to 


the ends of the ^diaphysis at the growth 
^cartilages". 



Fio. 14. R^iaodelling of bone. As ajonj 
bone gfowBt sites bnce occupied by the ex- 
panded ends become parts of the more slendei 
shaft; hence re/hoc(el ling occurs. Further, 
bone is deposited on the upper aspect of the 
neck of the femur and absoroed on the lower. 
It is obvious that growth at the upper jneta- 
phy sis of the femur will lengthen the neok^only. 


^ZZ-W\SZ4 9*VI8;lj 

* Fig. 15. Outlines of 3 radiograms of the leg 
bones of a young girl taken over a period of 
two years. Observe that tlie *3 lines of ar- 
x%sted growth, denoting 3 successive* illnesses, 
remain equidistant. (After H. A. Harris.) 

• Wheu a particulate .radio-opaque sub- 
stance, such as. thorotrast, is. injected 
into the bloodstream, it is taken, up by 
the reticulo-endothelial • cells arfd ap- 
parently it is retained by them indefi- 
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nitcly. Hence, the spleen and liver cast 
a positive shadow on an X-ray plate, an4 
so does the bone *marrow. Employing 
this technique experimentally in young 
animals, Mortcnscn and Guest have 
shown that, while the expanded ends of O/r 
long bone grow farther apart and the 
medullary cavity enlarges ^correspond- 
ingly, tlie shadow cast by tl*e part of the 
marro,w infiltrated remains constant in 
length and the actively growing ends 
gradually recede from it. This substan- 
tiates the work referred to ab(p.ve. 

Cartilage' 

Cartilage or gristle, is a connective' 
tissue in which a solid .groilnd substance 
replaces tissue fluids. It has no blood 
* ^’'essels, lymph vessels, or nervqs; so, it is 
insensitive. ^Tliere arc three types of 
carti’age; (1) hyaline, (2) fibro- and (3) 
elastic. 

Hyaline Cartilage (Cik. (lOualos -= a 
transparent stone) is white and resilient. 
It is potentially bone; in tact, all the 
bones, except certsin hkiill bones and tlie 
clavicle, w'c're prefoVmed in liyahne c,n-li- 
lage. In tlie adull, liyaline eaitilagC jKr- 
sists at the articular (‘luls of bones as 
articular cartilage, at Die sternal ends 
of thie ribs as costal cartilage, iind as t-hc 
cartilages of the nc)se, l<pvn\, ttachea, 
and bronchi. Tl\q th>Toi(l, cneoid, ajid 
1st costal cartilages commonly begin to 
calcify about the 10th year. Periclion- 
drium (equivalent to pejfosteuni) which 
envelops hyaline cartilage is not present 
over articular cartilage. 

Microscopically, • it appears as ‘cells 
singly, in pairs, or in fours (like a hot cross 
bun) enclosed in capsules and lying in a 
clear matfix. The cells may form rows. 

Fibrocartilage has the same struc- 
ture ^fibrous tissue (aponeurosis, liga- 
ment, Jig. 52) save th&t, the ground 
substance being solid, the cells are not 


squeezed into stellate form bythe bundles 
of fibrous tissue, but are round. Fibro- 
ca^tilage bea^rs the same resemblance to 
fibrpus tissue that a starched collar boars 
to a soft collar. Wherever fibrous tissue 
is subjected to great prcb.sure, it is re- 
. j51accd by fibrocartilage. It^ occurs in 
mtervcrtebral discs, articular di'^cs (e.g., 
semilunar cartilages of the knee>, glenoid 
and acetabular labra, and the surface 
layers* of tendons and ligaments that are 
pressed on by bone. It lines certain 
bony grooves in which tendons play and 
' it caps* certain bony prominences. It is 
.tough, strong, and resilient. 

Elastic Cartilage. Here cartilage 
cells arc" numerous and the solid ground 
work is pervaded by elastic fibres; so, it 
looks yellow. It is found only in the 
external car, external auditory canal, 
pharyngo-tympanic tube, and the car- 
tilages guarding the upper aperture of the 
Ij^rynx (epiglottic, cuneiform, corniculate, 
and part of tlie arytenoid). Being clas- 
tic, w hen bent it springs back into shape 
(e.g., the auricle). It is, however, not 
tpugh. 

THE PARTS OF A TYPICAL VERTE- 
BRA AND THEIR FUNCTI6NS 

The vertebral column is made up of 33 
vertebrae, arranged as follows: 7 cervical 
12 thoracic, 5 lymbar, 5 sacral, and 4 eoc- 
cygeal. The sacral and coccygeal verte- 
brae form composite bones, namely, the 
os saefum and os^coccygis. The 5 sacral 
vertebrae have fused to form a single mass 
by the 25th year; tkc last three pieces of 
the coccyx fUse together in middle life and 
thdfee in turn fusc*with the first piece 
still later. There are, therefore; 24 pre- 
sac ral or true vertebrae, of which 12 bear 
ribs and 1'2 do' not. 

Not pnly have the bones of each region 
features characteristic of their particular 
region but every bone in t^ach Tegion has 
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one or morb .distinguishing features of its 
own. 

A vertebra is composed o^the follo\jjing 
parts (Jig. 1^): * 

a. A weight-bearing portion — the body. 

b. A part that protects the spinal 

vertebral arch. * 

c. Three levers^on which muscles pull— 
the spinous process; the right and the 
left transverse piQcess. 

d. Four projections which I'estrict 
movements— two superior ancl two in- 
ferior articular processes. 

The Body is for* functional anffstruc-* 
tural reasons to be classified as a long, 
bone (Jig. 17) Thus, it resembles* the 
long bones ol the limbs in that it is 
weigh t-suppoi ling, constricted about its* 
middle, enlaiged at its two ends, and in 
that its two ends aio articylar; also in 
having a j^rimary center of ossification 
for the **diaphysis” which appears early, 
and secondary centers for the upper ai^d 
lower epiphyses, which however appear 
unduly late for pressure epiphyses. It 
is, indeed, a long bone in mmiature. 

Its early development is peculiar: dur- 
ing the jirecaijt ilagmous state each of a 
series# of protovertcbral somites, that 
develop around the notochord, splits into 
a cranial and a caudal half; tHereupon the 
adjacent halves of two somites unite to 
lorpi a body.* Large vascular foramina 
jiersist behind and at the sides of adult 
vertebral bodies and indicate thb site of 
union of two half segments. The body 
of a vertebra is, therefore, not a segmental 
structure, but a composite of two half 
segmentar 

The Vertebral Arch protects the spinal 
cord from injury, as the roof of the 
cranium protects the brain. On each 
side a- spinal nerve crosses* the ’ arch 
immediately behind its attachiuents to’ 
the body ; accordingly, the antoiior part of 
each arch, called the root or pedicle, is 


grooved, especially on its lower border, 
jso as to allow ample space for the passage 
of a nerve. 'These are the superior and 
inferior vertebral notches. The posterior 
4)and-like portions of each arch, tlm right 
•and left laminae, meet behind in the 
middle line.- 'A vertebral arch and»£he 
posterior a^spect of a body enclose a 


Vertcbroul 
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Fig 16. Tlr parts of a vortebra, fioni* 
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*Fio. 17. A typical vertebra (side view). 


i^aCe, the vertebral foramen, in which the 
spinal cord and its membranes are lodged. 

The movement of one body on another 
is effected in part through the* actions of 
muscles on the lever-like Transverse and 
Spinous Processes, which project like 
the spokes of a*capstan. ' The transverse 
processes project laterally on each side 
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from the junction of a pedicle and^a lam- 
ina; the spinous procesg or spine projects- 
backwards in tlie median plane from the 
site of union of a rigl]t and a left lamina. 

The* so-called Articular Processed 
arise near the junction of pedicle .and* 
lamina. The superior processes . spring 



^ Tig. 18. Composition of an intervertebral 
forambn. ) 


Halv<2s of tvQural arcK 



rfauro-c^rvtral 

sytvoKon.clrosiaf 

Fig. 19. A vertebra* at birth'. ^ 

rather from -the pedicles and face in a 
backwarfl direction' (backwards and up- 
wards in the cervical region*; backwards 
and laterally in tbe thoracic -region; 
backwards and medially in the lumbar 
region) whereas the ihferior articular 
proces^^ spring from the laminae and 
face in the contrary direction. It is 
evident that ii\ all regions the contact 


established between upperand lowerartio- 
ular processes prevents forward displace- 
ment of an upper vertebra on a lower. 

The upper and lower surfaces of the 
bodies arc the real articular surfaces of 
the vertebrae. The so-called articular 
•processes (except in the case of the atlas 
and axis) do not transmit weight. Their 
presence interferes with the unrestricted 
mobility the bodies might otherwise 
enjoy and decrees in what direction 
movements between two adjacent verte- 
brae shall be allowed. They play the 
part w*hich in the joifits of the limbs is 
assigned to ligaments, namely that of 
restricting movement. There are, how* 
ever, circumstances in which they bear 
weiglit, c.g., on rising from the stooping 
position. L. 5 is “normally*^ in a stoop- 
ing position. 

Collectively the vertebral foramina 
constitute the vertebral canal, Collec- 
twely two adjacent vertebral notches 
constitute an intervertebral foramen. En- 
tering into the composition of an inter- 
vertebral foramen of an articulated 
cclumn are: above and below, pedicles; 
in front, ^n intervertebral disc and parts 
of the bodies it unites; and behind, the 
cap.siile enveloping an upper and a lower 
articular process (fig. 18). 

Ossification. At bjrth a vertebra is 
in three parts -7a centrum and the right 
and left sides of a neural arch, united to 
each other by hyaline cartilage (Jig. 19). 
The site of union pf a centrum and a heu- 
ral arch is a neuro-central synchondrosis. 

The facets for theJieads of the ribs are 
situated on the neural arches just behind 

the'neuro - central'* syachbndroses ; 

they are not on the sides of the centra. 

'Synostbsis of the two sides of the arch 
takbs* place posteriorly during the 1st 
year; synostosis of the neuro-central 
synchondrosis takes place between the 
3rd and 6th years. 
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Epiphyses, Pressure and traction 
epiphyses appear about puberty and fuse 
about the 25th year. In* most mam- 
mals the pressure epiphyses take, the 
form of plates, but in man they are rings, 
that overlie the upper and lower surfaces 
of the centrum and extend on to tlfe 
neural arch. The body of ‘a vertebra 
comprises the upper and lower epiphyses 
an8 the niass of bone between’ them. It 
includes therefore the centrum, p*art of 

* the neural* arch, and the facets for the 
heads of the ribs. The terms ^‘body’' 
and ‘‘centrum” are^iot, therefore, Vtrictly 
speaking interchangeable; neither are the. 
terms “yerlebral arch” and “neural arcli”. 
Scale-like traction epiphyses appear on the 
tips of the spinous, transverse, and (in the* 
lumbar region) mamillary processes. 

Cervical vertebrae (p. G95); thoracic 
vertebrae (p. 491); lumbar vertebrae 
(p, 295); sacrum and coccyx (p. 323). 

ARTICULATIONS OR JOINTS * 

. , 

A joint is a junction between. two or 
more bones Joints may be classified 
as— immovable, slightly movable, and 
freely movable; but perhaps it is more 

* helpful to consider them as: 

1. The skull type: Immovable; or tem- 
porary joint. * 

2. The vertebral type: Slightly mov- 
able; or secure joint. 

3. The limb type: Freely movable; in- 
secure ; or synovial joint. 

* 

The Skull Type 

The skull type is either a suture or a 
synchondiosis depending on Whether the 
bones concerned ossify in membrane or 
in cartilage; it is immovable (Jig, ^3). 

Suture. When the growing edges of 
two bones (or ossific centers) developing 
in membrane come together, a residual* 
film of membrane may persist nmossified 
between them for some years, till middle 


age, or indefinitely. Such a union is 
dcalled a suturej and sutures are confined 
to the skull (fig. 80). The edges may 
interlock in jig-saw fashion (denticulate 
5.) or like the teeth of a saw (serralbe s.). 
•They may be bevelled and overlapping 
(squamous s.), or relatively flat and 
abutting (plane or harmonious ^s.). A 
ridge may &t into a groove as between 
sphenoid {tnd voriicr, or a tooth nsay fit 
into a socket. 

Synchondrosis. Similarly when the 
growing# edges of two bones (or ossific 
centers) developing in a single mass of 
cartilage come together, a residual plate 
*of cartilage may. persist unossified be- 
tween them fot a number of years. Such 
a union is a synchondrosis. 

PERIOSTEUM PERIOSTEUM ^ 

\ COMPACT BONE \ UOMPACT BONE 



* SUTURE • SYNCHONDROSIS 

Fio. 20. A suture and a synchondrosis. 

• • 


* Sites.* S 5 mchondroses occur at the base 
of the skull between the basi-occipital and 
baSi-sphenoid, sphenoid and ethmoid, 
petrous-tempoj^al and basi-occipital, and 
petrous-temporal and., jugular process. 
Their distribution howet^er widespread, 
for IS it not by synchondroses (epiphyseal 
plates) that epiphyses are united to bones 
(fig. IS)? 

Synostosis is the obliteration of a su- 
ture or a synchondrosis by bone. ♦It is as- 
sociated with cessation of growth locally. 

The Vertebral Tjrpe • 

The vertebral t 3 T>e is either a sym- 
physis or a syndesmosis. Intervejjtebral 
joints are built for safety and security; so, 
their opposed bony surfaces are firmly 
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bound together. This minimizes tlie risk 
of dislocation, wliicli here would lie dis-, 
astroiis; it also greatly restricts mobility. 

A S 3 miphysis is a joint where two 
opposed bony surfaces arc coated withr 
hyaline oaililap,e, are united by fibre- ■< 
carlrilafzic, and arc further an-ited in front 
and beJjind by ligamentous bapds. There 
is no joint cavity, but a sinall^cleft may be 


Intervertebral Discs, Ad j accent bodies 
are united by a fibro-cartilaginous disc 
whQse peripljeral part is composed of 
al)oat a dozen concentric layers of fibers, 
the amndus Jihrosns. The fibers in alter- 
nate layers cross like the fibers of the 
.External and liitfanal Intercostal muscles, 
^riie ccmler of t lie disc is (illcd with a fibro- 
gelatinous j)ulp, ihc ^nucleiis ^ulposus, 
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presenl. Symph> s(‘s aie not (Iii(H't]\ < oii 
trolled by muscles. 

Sites. )Symphyses occur bciNNcen (iJ 
the bodies of veitebMe, l» I • (ween the 
pubic bones, and. (c) In'lwccii IIh' ma- 
nubrium and J)od., ol (lie sternum. 

Tiin Symi’hi.sLs nj. n\ hi n o VerTe- 
BiiAL JioDiP.s (Jigs. 21 , 22). The }>ody of 
a vertebra is a miniature long bone. It K 
con&tri6ted Utt its middle and enlarged at 
its cnds/>both of whicli cany epiphyscj^. 
In mammals generally these epiphyses aie 
bony plates, but in man they are bony 
rings resembling tambourines, because 
only the periphery of each epiphysis 
ossifie^^nd the center remains hyaline. 
The ept^yses fuse with the body before 
the 25th year. 


wliitli acts a cushion or shock absorber 
and, IxMiig iiikUm* pressure, bulges when 
the disc js cut aci oss. 

It has been shown by experiment on 
the fn'sh cadavei that tho turgor of .the 
Mil luinl^ar disc exerts an expansile pres- 
sui e ol 32 Ills , it }ias also been shown that, 
wIh'ii the pedicles of the lumbar and lower 
thoracic verlebrae are sawn through and 
the longitudinal ligaments and the annuli 
filirosi divided, the average expansion of 
the discs is 1 .08 mn'k (Potter). 

Longitudinal Ligaments, an anterior and 
a^ posterior, extend from the' sacrum to 
the basi-occiput : the one is attached to 
'the intervertebral discs and adjacent 
margins of the vertebral bodies anteri- 
orly; the other is attached to them.pos- 
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teriorly, i.e., within the vertebral canal. 
The anterior ligament is a broad, strong 
band, except above, where it becomes a 
cord that gains attachment to the an- 
terior tubercle of the atlas and extends 
above it to the basi-occiput. The pos- , 
terior ligament is weak and narrow, but 
it widens in a denticulate n^anner at ifs 
attachments to the discs. Its upper end 
is®thc membrana tcctoria (p; 702). 

* Vessels and Nerves. The disc ns non- 
vascular. Branches of tlie s|)inal nerves 
have been traced to the longitudinal liga- 
ments and to th» annulus (Roofe; and* 
others). 

Note, (a) the hyaline plate is apt to • 
crack and the nucleus pulposiN to her- 
niate tliroiigh it into tlic cancolloiis l)od>® 
of the vertebra; and (b) the pulp may 
burst through the annulus fibrosus pos- 
teriorly, where it is thinnest, and jirotrude 
under cover of the posterior longitudinal 
ligament. These accidents happen com- 
monly. 

A Syndesmosis * is a union by liga- 
mentous fibers, the bony points united 
lieing Some distance apart . 

i^ites. yyiidesmoses occur between the 
vertei)ral arches and between \he lever- 
like processes of tlie vertebrae, also be- * 
tween coracoid and acromion (coraco- 
acromial lig.), between coracoid and 
clavicle (coraco-clavicular lig.), and be- 
tween the bones of the forearm and of the 
leg (interosseous membranes) including 
the inferior tibio-fibular joint. • 

The Vertebral Syndesmoses. The 
laminae of adj acent^ vertebrae *are united 
by yellqjRT elastic bands, called the liga- 
menia flava. • ThesQ- broad bands unite 
the upper border and posterior surface of • 
one lamina to the lower border and ante- 
rior surface of the lamina above. In virtue 
of their elasticity, the ligament a flava 
serve as “muscle sparers”,*i.e., they assist 
in the recovery to the erect posture after 


bending forwards and they are partic- 
^ ularly1[5trong in the lumbar region. 

The adjaceht \)orflers of the spinous 
processes arc united by weak interspinous 
^ligaments and their tips are united by 
, stronger supraspinous ligaments^ which in 
the neck become the liga'inentum nucfiae 
(p. 702). The transverse processes may 
be conned ed by vve’ak mtertransverse 
ligaments. 

The articular processes of vertebrae 
arc united by joints of the limb type. 
They l^ave Synovial cavities closed by 


Guro - c crvtr olI 
,syr\cKoT\.drosis 
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Fk;.. 22. A vertebra in childhoodi 

fibrous ctipsufes. Ih the lumbar region 
la’teral extensions of* ‘the plate-like lig. 
flava close the joint cavities anteriorly. 

- • The Limb Type 

• 

The limb type is commonly called a 
synovial joint. The limbs beingj)rimarily 
organs of locomotion have joints which 
permit free movenaent; so, the site which 
in a symphysis is occupied byfibro-carti- 
lage becomes a jpint cavity. This makes 
for insecurity. 

At the limb*type of joint two hr more 
bones are united by a sleeve of fibrous 



16 


A METHOD OP ANATOMY 


tissuo, called ^he fibrous, capsule^ within 
which there is an inner tube of s^ovial 
membrane, the synbtridl cdpsule, and the 
opposed ends of tiie bones are covered 
with hyaline carUlage. < 

It is helpful to think of a joint cavity as 
a bursa originally lined throughout with 
synovial membrane, and to think' of this 
S3movial membrahe as persisting except 
where it is worn away at areas of pressure 
and of friction. At these site's there is 
either hyaline cartilage or fibro-cartilagc. 
Joint cavities, then, are linc^d eitjicr with 



synovial membrane, hyaline cartilage, or 
fibro-cartilago^ and are usually called 
synovial cavities, 

A synovial membrane is*an areoflar sheet 
develop^cd from mesenchyme and lined 
iitegularly with cells that vary in shapej 
in places the cells are absent; in other 
places they are two deep. The membrane 
can be dissected from 'the fibrous 'capsule 
and from, the bone, but it is intimately 
adherent to the pressure surfaces of such 
fibro-ci^lages and tendons as enter into 
joints. The film of lubricating, and per- 


haps nourishing, fluid within, the synovial 
cavity resembles white of egg and is called 
ihe^syriovial fluid. The articular cartilage 
is cofKstantly being worn away and incor- 
porated with the synovial fluid and it is 
constantly being replaced, but the source 
.of its nourishment is debatable. In early 
life the cartilage appears to be replaced by 
mitosis, later by amitosis (H. C. Elliott). 

As stated on page 10, articular cartilitge 
has neither blood supply, l 3 unph supply, 
nor nerve supply. 

Transparent folds of synovial mem- 
brane Containing fat at their attached 
.ends project into all synovial joints, com- 
monly for a centimeter or further. These 
folds are practically constant in position 
and form, and they are present at all ages 
(J^g- 190), 

Ligaments. The fibrous capsule is 
thickened in parts to form cords and 
bands, called ligaments, which withstand 
temporary strains. Other ligaments are 
to bo regarded as the detached tendons of 
muscles.. 

Vessels and Nerves supply the fibrous 
apd synovial capsules. 

Articular Discs, which are pads of fibro- 
cartilage interposed between the articular 
surfaces of two bones, are found in certain 
joints wheio double movements take 
place. On the proximal surface of the 
disc one type of movement takes place 
(e.g., flexion and extension) ; on the distal 
surface Another type of movement (e.g., 
rotation or gliding).. 

Bursae, (p. 25). Certain subtendi- 
nous bu^e constantly communicate 
with synovib.1 cavities, e.g., tfee Biceps 
and'SubscapuIaris bVirsae at the shoulder, 
the Popliteus and Quadriceps bursae at 
tlie knee, the Tibialis Anterior bursa at 
the* tarso-metatarsal joint ; othenS do so 
inconstantly, e.g., the Psoas b. at the hip 
and the Gastrocnemius b. at the knee. 
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Labra: Fibrous tissue, subjected to 
great pressure and friction, gives place to 
fibro-cartilage, e.g., articular discs. Some 
joints, e.g.;, the shoulder and hip, fiave 
their sockets deepened by pliable rings 
of fibro-cartilage called labra. 

Sesamoid hones are small bones found 
at the pomts of pressure of certain tendon's 
that play across convexities. The most 
important are the patella, the two under 
• the ball of the big toe, and the two at the 
• ball of the thumb. They play on the 
distal ends of bones (e.g., femur, meta- 
tarsal, metacarpal^ and never liet>ppo8ite* 
the interval between two bones, where o{ 
course they could serve no purpose. • 

Haversian ^^glands” are pads of fat 
placed between a synovial and a fibrousf 
capsule. Fat being fluid at body temper- 
ature, the pads ean be sucked into the 
joints during certain movements, the for- 
hiation of a vacuum being avoided 
thereby. 

Epiphyseal plates: Before ossification is 
complete some part of the circumference 
of one or more adjacent epiphyseal plates 
commonly enters into the joint. 

Ligaments lyid tendons may be situated 
between synovial and fibrous* capsules, 
and tliey may project into the joint, but 
in all cases they are covered with synovial 
membrane. The Biceps at the shoulder 
and the ligament’ of the head of the 
femur are enveloped in synovial tubes. 

The relations of joints obviously are of 
practical importance, and especially the 
relations of vessels and nerves. • Main 
arteries keep to tljp flexor surfaces of 
joints. Jiore they are protected from 
injury, but, during .flexion df the joint, 
they are bent and may thus be occluded; * 
hence, a collateral circulation, such as- is 
found. at the elbow, wrist, •knee; and 
ankle, serves as a useful by-pass. 

Varieties of SynoTial or Limb Joints. 

(1 ) Planet^ arthrodial or gliding joint : The 


opposed bony surfaces ar^ approximately 
^ flat, efg., carpal joints and joints of the 
small tarsals. • • • 

(2) Uniaxial: (a) Hinge or ginglymus 
•joint; one surface is concave, the other 
, convex, and movement takes place on a 
* horizontal axis, e.g., the elbow and ankle. 

(b) Pivot or trochoid joint; a ring en- 
circles a pivot set ob a vertical axis, 
and rotation takes place as with a jioQr on 
a hinge, e.g., atlanto-axial and radio-ulnar 
joints. 

(3) ^^l^xidl: Circumduction is per- 
mitted, i.e., on performing the movements 
of flexion, abdiictioif, extension, and ad- 
duction in sequence a cone is described: 
(a) Condyloid joint; one bony surface is a 
ball and the other a socket, e.g., the 
knuckle^, {b)* Ellipsoidal joint; one sur-* 
face is an oval and the other a socket, e.g., 
the wrist. 

(4) Multiaxial: The movements of cir- 
cumduction and also of axial rotation are 
permitted, e.g., the shoulder and hipt 

(a) Ball and socket joint; a ball fits into 
a,socket, the movements of circumduction 
and also of a.xial rotation are permitted. 

(b) Saddle joint; the surfaces are re- 
eiprocj\jly saddle-shaped. Circumduc- 
tion is allowed and during the movement 
spme degree of axial rotation can* taTce 
place,' e.g., the carpo-metacarpal joint 
of^ the. thumb. 

THE ARTICULATEb VERTEBRAL 
.COLUMN 

. The bodies of the vertebrae contribute 
f to the total length of the presatral por- 
tion of the articulated column ; ihe inter- 
vertebral discs contribute J. (Fig, 

The JhtervertebTal Discs. These fibro- 
cartilages are thickest .(i.e., vertic^ height 
is greatest) where movement is’most free ; 
namely, in the cervical and lumbar re- 
gions, regions that are Convex forwards; 
conversely they arc thinnest where they 
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contribute to bony cavities; namely, in 
the thoracic and sacral regions. Indeed, 
in the adult they are ossfifit^tl to form part 
of the composite sacral bone. Thus, they 
are thickest in tlie lower lumbar region 
and thinnest in the mid-thoracic region 
a%2-0). {Fig. 25.) 



Fig. 24. Proportions of boao and disc in tho 
prcsacral parts of the vertebral rolwmn, (Us- 
ing Todd’s data.) 


Furthejj, in 'the cervical and lumbar^rcT 
gions each disc is thicker ventrally than 
dorsally ; whereas in. the thoracic region 
^e converse* is the case ; hence, in each, 
region the* disc contributes to the curva- 
ture of the column. 

The Ukodies of the Vertebrae. As 
might be expected, the size of a body 


depends upon the weight it. supports 
The bodies accordingly increase in siz< 
progressively from the dens (which de 
velopmcntally is the body of^the atlas oi 
j 1st cervical vertebra united with the 
^ axis or 2nd cervical vertebra) to the first 
• piece of the sacrum, and from there tc 
the tip of the coccyx they diminish 
progressively. This is because ^he super- 
imposed weight is transferred from the 
first three pieces of the sacrum to the 
ilium, thence to the femora when standing 
up and to the ischial tuberosities when 
sitting .down. Stateeb otherwise: from 
the lumbo-sacral articulation the bodies 
. taper gradually to the tip of the dens at 
one end cf the column and to the tip of 
ohe coccyx at the other. To this the 
bodies of the first four thoracic vertebrae 
are an apparent exception because they 
diminish in vridth. The exception is, 
however, only apparent, because the 
upper and lower surfaces, which are tho 
weight-bearing surfaces, do increase pro- 
gressively from the 2nd cervical to the 5th 
lumbar as e.stal)lished by planimetry 
(George). TJio heights of tho bodies 
(measured ventrally) also increase 
progressively from the lower cervical 
to the 5th lumbar. 

The skulLis not poised on the tip of 
the dens but on two facets, one on each 
lateral mass of the atlas; nor does one 
sit on the tip of ones coccyx but on the 
ischial tuberosities, the weight being 
transmitted to them by way of two 
facets, .one on eatfh lateral mass of the 
sacrum, which articulate with correspond- 
ing facets on the hip bones. Common 
sense suggests that the logical procedure 
•to follow when called upon to reassemble 
the vertebrae of a disarticulated column 
is first to give consideration to the rela- 
tive massiveness of the bodies and only 
later to feg|ird isuch minor matters as the 
presence or absence of a facet, ^he shape 
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of a vertebral foramen, or the inclination 
of an articular process. 

In lieu of a body, the atlas has an 
anterior arcji which lies irf front of^the 
dens and of the plane of the bodies 
generally; it holds the lateral masses of 
the atlas together. I'lie upper surface «f 
the body*of a cervical vertebra is oblong 
and, having upturntMl back and sides and 
rounded off front, it resembles a seat. 

•The lower surface is the counterpart of 
• this. The upper and lower surfaces of 


Kc>AqKl 

Disc ir\- mrK. 



Fk;. 25. (Jraph o£ tlie vortical heights of 
the jiitervert ebwil discs. (Using Todd’s data.) 


the thoracic and lumbar bodies 'are flat; 
the thoracic being heart-shaped with 
long diarneter anteroposterior; the lum- 
bar being kidney-shtiped with Fong diam- 
eter trauipvcrse. 

Curvatures; In jembryonic life the 
vertebral column is uniformly curved so 
as to be concave vcntrally {fig. 2G). 
In the thoracic and sacro-coccygcal 
regions these concavities persist . and 
thereby add to the cajmeky of the 
thoracic and pelvic cavities. The bodies 


of the thoracic and of most 'sacral verte- 
brae conform to the curvatures in being 
^deeper behind* thffiin in front. The- cer- 
vical and lumbar regions do not partake 
jn cavities; so, by \Cay of compensation 
^they are convex vcntrally. The cervical 
*cur\flature (convexity) appears when, the 
infant learns to hold its head erect and 
t6 direct itfe^ visual axes forwards, about 
the third month. . The lumbar curvature 
(convexity) appears when the child ac- 
quires the art of walking erect, about the 
eighteenth month. The thoracic and 
sacral curvatures, therefore, are primary 
curvatures j the* cervical and lumbar are 
, secondary or comjycnsatory. 



Fig. 26. Devolopnicnt of the curvatures 
of the.spine: tlie thoracic and sa^^ral curvatures 
are primary; the cervical and. lumbar are 
^conda^y. 

,.Yoii might surmise that since the tho- 
racic [tnd sacral bodies are deeper behind 
than in front* tlie cervical and lumbar 
bodies would l)c deeper in front than be- 
hind. But, it is not so*. These two 
unhampered ivgions arc ricli in inter- 
vertebral disc and therefore are supple. 
In the cervical region the bodiec are of 
equal depth in front .and behind; so, the 
cervical curvature is due solely to disc. 
In the. lumbar region the 5th and 4th* 
bodies are de(*pcr in front, the 3rd and 
2nd are variable, and the .1st*. is deeper 
behind. 

Varying Stature. On(> may l)e shorter 
in the evening than in the morning be- 
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cause with 'fatigue (a) the curvatures of 
the spine may increase; (b) the Uirgor of 
the. pulp of the intervertebral discs maj^ 
be reduced; and (c) the height of the 
archeg of the feet may be lessened. Oy 
the other hand, the stature may increase 
when one lies down. • . • • 



Fia. 27. T<ie line of gravity. 

The Line of Gravity passes through the 
dens of the axis, just 'in frrSnt of the 
sacral promontory, behind the centers of 
the hip joints, and in front of the loiQO 
and ankle joints (Jig. 27). 

Transverse Proc.esses arise between 
upper and .lower articular processes at 
the junctions of pedicles with laminae, 
and project laterally. In the thoracic 
region|jthey act not on(y as levers for 
muscles but also as fulcra for the ribs; 


so, they are strong and stoiit .and, in con- 
formity with the backwarii curving of 
the ribs, they have a bucfkward and up- 
ward inclination. Their tips licar ar- 
ticular facets, the shape and direction 
of wliich vary for reasons concerned with 
Uie mechanism of respiration (p. 601). 
•The 11th and 12th ribs are noRling;so,the 
transverse processes of the 1 Ith and I2tb 
vertebrae. are reduced in size and carry 
no facets. The spread of the thoracic 
transverse processes diniinisiies from 
1st to 1 2th. 

• Eacji cervical transverse process is 
perforated by a circular foramen, the 
foremen Iransversarium. The upper six 
foramina transmit the vertebral artery, 
oa venous plexus, and sympathetic fibers; 
the 7th transmits small veins and is 
smaller than the others. Each, there- 
fore, has two roots, a posterior and an 
anterior. All posterior roots end in 
tubercles for tendons; but of the anterior 
roots only the 3rd, 4th, 6th, and 6th have 
tubercles, tlie 0th being the largest. The 
processes and bodies collectively form an 
approximately flat anterior surface. 

The lumbar transverse processes may 
bq regarded as ossifications extending 
into the posterior aponeurosis of the 
Traiisversui? Abdominis; so, they are thin 
and flat, except at their tips which 
take the pull of the muscle 0?^. 300). 
From 1st to 6th their roots creep pro- 
gressively further forwards towards the 
bodies, and they may be grooved in 
front .by the nerves that cross them {fig. 
801). Conforming to the shape of the 
rounded ab.dominaf cavity they are di- 
rected but slightly backwards. They are 
not noted for their* strength. Since the 
4th lumbar vertebra lies at the^ level of 
the highqst part of the iliac crest, it 
.follows that the 6th lumbar vertebra must 
lie below the* highest part of the crest; 
so, it is the only vertebra (except the 
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between the iliac crests, and on this 
depends the peculiar ronnation (p. SS2) 
of Its transverse processes. • * 

A transverse process comprises two 
elements — a costal or rib element and a 
true or mor'phoUygical trans\ i‘rse process. 
In all regions the transverse element’ 
arises between a 'superior and an inferior 
arWcuIar process; in all regions the costal 
•element arises from the side of a* body, 
except in'the upper lumbar region, where 

NCURAL ARCH 



Fto. 28. Homologous parts of cervical, 
thoracic, lumbar, .and sacral vertebrae, 
(cle^r “ centrum; stippled *» neural arch, 
transverse and spinous processes; black — 
costal element.) 

• 

fused elements arise between a, pedicle 
and a lamina {fig. 28). In the. sacral 
region the fusion line between the two 
elements js represented by .a groove on 
the ala. 

PediQles spring from the upper half, 
of the sides of the bodies; .vertebral 
notches occupy the lower hjilf. ^nter- 
vertebral SQTjp/miw increase in size from 
above downwards. {jPigs: 17^ 18.) 

Laminae overlap markedly in the tho- 


racic region and slightly in 'the oervicki 
region.# In the lumbar region there are 
Untertaminar gap»; .so there are in. the 
cervical region when the nock is lient. 
^'he largest gaps are between skull I'bd 
^ at las, atlas and axKs, fourth and fifth 
•lumbar vertebrae, and fifth lumbar verte- 
bra and sacrum. 

* Vertebral JPoramina and the Vertebral 
Canal. In the thoracic region the ver* 
iebral c^anal is (nrcular and of I he* diain- 
efer of a signet ring, circular because the 
spinal cord is here cylindrical ; but in the 



Fio.#29. A vertebral foramen is not larger 
than a finger-rii#g. * 

regions that lodge the brachial and lum- 
bar enlargements the canal is larger and 
triangular, or rather it is expanded trans- 
Ycrsely in adapTtation to the more later- 
ally expanded cord. Hence, whep expos- 
ing.the spinal cord, both the Student in the 
dissecting rpom and the surgeon in the 
operating room must be careful to make, 
the saw-cuts converge on a canal no larger 
than a finger {fiq. 29). . ■ 

In the upper three cervical vertebrae, 
the vertebral panal is -very rooiny — so 
roomy that free movement between the 
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head and the neck does not constrict the 
spinal cord. * 

Articular Processes. *The cervicat 
processes allow movements of flexion, 
extension, and looking sideways upwards^ 
because their upper facets face obliquely^ 
upwards and backwards.. The thdracic 
processes allow rotation, because they 
are sot vertically on the a^d of a circle 
{fig. Sl/f). The lumbar processes allow 
flexion. They change direction pro- 
gressively from above downwards: the 
inferior processes of L. 1 facing laterally, 
of L. 5 forwards. The articular proc- 
esses prevent the bodies from slipping for- 
wards. 

Spinous Processed. The spinous 
processes become more massive as they 
c are followed from higher to lower levels. 
The pull on each, as in rising from the 
stooping posture, is mainly a caudalward 
one; hence, each is directed caudalwards. 
That of the 1st cervical is reduced to a 
, mere tubercle, which is turned not down- 
wards but upwards. Were there a long 
spine here, to throw the head back would 
not be possible. It is upturned because 
the only muscle attached to it ^passes 
upwards t6 the occipital bone. The 
Multifidiis does not extend iqjwards be- 
yondthe spine of the axis, and, so, leaves 
the atlas full freedom to rotate. In 
modern man, cervical sl)ines* 2-6 are 
bifid. The 7th ends in a tubercle and is 
prominent, bfit not so prominent as -the 
1st thoracic. In the thovacic region the 
middle four spines — those behind the 
pericardium — are markedly overlapping 
(figs. 5T7). The 1st and 2nd, and 
the 11th and 12th are nearly horizontal. 


which articulate with the cornua of the 
coccyx. 

. MUSCLES 

fk. 

It is from the fancied resemblance cer- 
tain muscles bear to mice, the tendons 
presumably being their tails, that the 
diminutive term “muscle” fa derived 
(L. mus = a mouse). 

There are three t3rpes of muscle: /I) 
skeletal or voluntary, such as those of the 
limbs, body wall, and face, (2) heart or 
cardiac, which is confined to the heart, 
and (3) smooth, visce;:al, or involuntary, 
such as is found in the stomach, bladder, 
’and. blood vessels. 

Skeletal muscles are under the control 
of the will; hence, they are alternatively 
called voluntary muscles. Histologically 
they possess light and dark cross-stria- 
tions. Ilcai’t muscle also is striated, but 
neither heart muscle nor smooth muscle 
is under voluntary control; they are both 
involuntary. The accompanying table 
indicates that the terms striated and in- 
voluntary arc comprehensive. 



To contract atid to relax is the function 
of all three types of muscle. Skeletal 
or voluntary muscles mostly pass from 
one bone across “"a joint (or joints) to 
another bone, and by contracting they 
approximate their sites of attachment; 
hence, they act upon joints. Heart 


The lumbar spines are thick oblong plates • muscle and smooth muscle mostly form 
with thickened ends. The sacral spines the walls of cavities and tubes, and by 
and laminae are absent below the third contracting they expel the contents. 


or fourth, and the articular processes form ► The distinction between voluntary and 


an irre^ar crest ending below in cornua, smooth' muscle on the basis of their 
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ability to be, controlled by the will is not 
always clear. Thus, the diaphragm is 
structurally a voluntary muscle like the 
Biceps, and#though it can Toe controlled 
voluntarily, as on taking a deep breath 
or on holding the breath, ordinarily it 
works involunlarily. Again, the upper 
part of the oeso^)hagus is su^)plied wittt 
voluntary muscle and the lower part with 
snriboth, yet voluntary control' cannot be 
* exercised over cither part. Further, cer- 
• tain varieties of bivalve molluftcs control 
the closure of their shells by smooth 
muscle; others by voluntary * 1008010 . • 
The latter are able by rapidly closing 
their shells to propel themselves through 
the water; those with smooth muscle 
cannot so propel themselves. Hence, it* 
would appear that the distribution of 
voluntary and smooth muscle is deter- 
mined not so much by the fype of con- 
trol required as by the character of the 
contraction required — voluntary (skele- 
tal) muscle having the property of rapid 
contraction; smooth muscle, of slow sus- 
tained contraction without fatigue. 
Carey, indeed, believed he has been able 
to convert the nonstriated smooth muscle 
of the^dog's bladder into striatcH muscle. 

Skeletal or Voluntary Muscle is the 
subject of the remainder of 4his section. 
The red or lean of a roast of beef is volun- 
tary muscle. . Voluntary muscles form 
about 42 per cent of {he total body- 
weight. They are the engines or motors 
of the body. When they contract, by 
bringing two bony points closer together, 
they act on joints, pj"oducing Movement. 
Of the energy set free in this process only a 
small percentage (20%) appears as work, 
the remainder as heat. If shortening is • 
prevented (e.g., as when endeavouring 
to lift too heavy a load) then ell the .en- 
ergy is made manifest as heat; so, muscles* 
are also the furnaces of th*e body. 


Structure. The '‘fibres’* of a volun- 
^tary mtiscle are in reality cells consisting 
of protoplasnf efr sacroplasm, several 
nuclei, and a cell membrane, the sar- 
oolemma (Gk. sarx = flesh; lemma = a 
.husk or skin; cf. sarcophagus, sarcoma), 
and 'through, the sarcoplasm run fibi*ils. 
The fibVes range from about 1 mm. to 41 
m*m. in Ichgth. Around each individual 
fibre there is some loose areolar tissue, 
(endomysium), around a collection of 
fibres there is more (perimysium), and 
around ^he entire muscle still more (the 
muscle sheath). ' This areolar tissue per- 
mits swelling, ‘‘gliding and, indeed, in- 
• dependent action, of the enclosed fibre or 
collection of' fibres. In a length of n(^U8- 
cle, such as the Sartorius, many fibres 
are arranged rfiore or less end to end. 
Regarded macroscopically such a chain 
of fibres is commonly r^errod ^o as 
a fibre, whidh, in a -functional sense; 
it is. 

In some animals muscle fibres are red. 
or dark, as in the leg of a chicken; others 
ai;c white or pale, as in the breast. In 
man, red and white "fibres are mixpd in 
difTerent proportions in different muscles. 

The red have a smaller diametbr than the 

• . 

"white, more sarcoplasm, a poorer cross- 
sy-iation and a better longitudinal stria- 
tion. dn general, slowly contracting 
bujt constantly active muscles are mainly 
red e.g., diaphragm, eyp muscles, muscles 
of mastication; rapidly cohtracting but 
readily exhausted muscles are mainly 
white. Flexor muscles are mainly white, 
extensors mainly red; but the Gastroc- 
nemius is largely white, the Sole^s- largely 
red. 

Exceptions. Though voluntary mus- 
cles typically cro^ at least one joint and 
are attached at .both ends .to. bone, the 
attachment is commonly in part via the 
medium of deep fascia, intermuscular 
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septa, interosseous membranes, or liga- 
ments, which being fibrous will not 
stretch. But certain voluntary muscles, 
particularly those of the face, are by one 
end attached to skin — through them we 
express our emotions; others, articular 
muEclcs, are by one end attached to the 
S)movial capsules of joints — an articular 
muscle, by withdrawing the capsule saves 
it from being nipped;* still others form 
rings or sphincters around the entrance to 
the orbital cavity, mouth, and anal canal — 



Fia. 30. Three examples of a principle: 
where a muscle is subjected to pressure its 
flesliy fibres are replaced by tendon or 
aponeurosis. 

these close the eyelids. Kps, jand anus 
respectively. The constrictors of the 
pharynx constitute what practically is a 
tubular muscle; the voluntary muscle of 
the oesophagus actually is tubular. The 
Transversus Abdominis and the dia- 
phragm .arfe constrictors or compressors' 
of the abdominal contents. 

The ^LTts of a Muscle. The proximal 
attachment of a limb muscle is called the 
origin^ and the distal attachment the 


insertion^ for reasons given* on page 
XVIII. The fleshy part of a muscle is 
8on?etimes referred to as the fleshy belly, 
the origin as the head, and the insertion as 
the tail Some muscles are fleshy from 
end to end, but most are fibrous at one end 
.of at both . The fibrous end ha? the same 
histological ctructure as ligament. When 
rounded it is called a tendon, when 
flattened and membranous, an aponhi- 
rosisy which suggests that it is nervous — 
but the ancients did not distinguish be- 
tween nerves, ligaments, and tendinous 
struct ifres. The fibroiis end is continuous 
.with the endo- and peri-mysium, and it is 
by some believed that the fibrils, of the 
muscle fibres also continue through the 
'tendon as collagenous fibres. 

The two chief component parts of a 
voluntary mjiscle, then, are (1) the fleshy 
and (2) the fibrous (tendon or aponeuro- 
sis). These have contrasting properties: 
fleshy fibr s are highly specialised, con- 
tractile, vascular, expensive in upkeep, 
and resistant to infection, but they can- 
not survive pressure or friction; tendons 
are unspecialised, inelastic, non-vascular, 
and inexpensive in upkeep. They are 
designed to withstand pressure, but 
owing to their meagre blood supply they 
readily die ^ (slough) when exposed to 
infection. Where a muscle presses on 
bone, ligament, tendon, or other unyield- 
ing structure, the fleshy fibres always 
give place to tendon {fig. SO). Further, 
if the tendon is subjected to friction, a 
lubricating device — a bursa or a synovial 
sheath — is’always interposed. 

It is a matter of common observation 
that the cross-sectional area ’of the tendon 
of a muscle is much less than that of the 
fleshy belly. Hence, a muscle that arises 
by fleshy fibres apd is inserted by tendon 
has a much more extensive origin than 
insertion. ^Hence, the precise site of 
attachment of a tendon — where ‘the force 
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of a musele-pull is concentrated and 
focused— is of much greater practical* 
importance than that o(*a wide spread 
fleshy attachment. At fleshy attach- 
ments forces are dissipated and make no ' 
mark on the bone, but at tendinous at-* 
tachmei^ts forces are concentrated a^d 
do. Thus, tendinous attachments create 
ridges, tubercles, and facets, and if large 
they may produce traction epiphyses. 
Tendons are immensely strong; it is 
estimated that a tendon whose cross- 
sectional area is one inch square is capable 
of supporting a height of from* &,700 to 
18,000 lbs. (Cronkite). The fibres of a 
tendop are not strictly parallel, but* 
plaited; they twine about eacli other in 
such a manner that fibres from any 
given point at the fleshy end of the ten- 
don are represented at all f)oints at the 
insertional end (fy. 31 -A); hence, the 
pull of the whole muscle can be trans- 
mitted to any part of the insertion. Tihe 
fan-shaped manner in which most ten- 
dons are inserted into bone ensures that 
Successive parts of the insertion shall 
take the full pull of the muscle as the 
angle of th^ joint changes (fig^Sl-B, C). 
Thero is, therefore, no necessity for the, 
tendon to play to and fro and become 
frayed at the junction of iS mobile and 
fixed parts — for the fibres of the tendon 
are carried into the hope, there to con- 
tribute to the formation of the bony 
trabeculae. 

Insertions. Muscle^ are usifally in- 
serted near the proximal end of 'a bone 
(or lever), close arc^und a joint, close to 
an axis of movement (e.g., Biceps, Brachi- 
alis, and Trideps at the elbow). So, they 
help to retain in apposition the ends of 
the bones taking part in the Joint, abd 
thereby give it Strength. By*b^ng thus 
inserted they produce, qn contracting* 
rapid movement of the distal end. Were 
they inserted towards^ the distal end, the 


movc^ment produced would be more 
powerful, bi^t \J, a|j90 would be slower. 

Some* muscles are inserted near the 
middle of the shafjb of a bone (e.g., Del- 
toid, Coraco-brachialis, Pronator Teres, 
Adductors of the thigh) and a few, are 
inserted near the distal end (e.g. Brichio- 
jadialis, .part of Adductor Magnus). 

A Bursa tL. bursa = a purse) is a closed 
sac differentiated out of areolar tissue. 
It is roughly the size and shape of a coin. 
Its delicate walls are separated from each 
other- merely by a film of slippery fluid, 
like white of ..egg. , As a lubricating de- 
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Fio. 31. A. The fibres of a tendon are 
plaited.. B and C. In dilTerent positions of a 
jpint different fibres take the strain. (After 
Mollier.) . •, 

vice* diminishing friction and allowing of 
tree movement, a bursa is more effective 
than areolar tissue. 

Bursae may be classified thus^-sub- 
tendinous, aistirular, and subcutaneous. 

^‘.Subtendinous bursae are found wherever 
tendons rub against rfesist^int structures, 
such as bone, cartilage, ligament, or 
other tendons hence, they are particu- 
larly numerous in the limbs (Jig, 112), 
Articular^' bursae play the pail; of joint 
^5a^ties, e.g., between the defts of the 
axis and the transverse ligament of the 
atlas (Jigs, 699, TOO); between adjacent 
metacarpo-phalangeal (and metatarso- 
phalangeal) joiAts where they separate 
neighbouring capsules; ?tnd here fcnay be 
included the subacromial bursa (fig, 17,1), 
Subcutaneous bursae J[p. 75). 
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A Synovial Sheath (mucous sheath) 
is a tubular bursa that envelops a ten- 
don. In fact, it Is two tubes, one within 
the other. The inner or visceral tube 
adhcre.s "closely to the tendon and is 
separated from the outer or parietal t^be 
by the synovial cavity. The visceral 
and parietal tubes are united longitu-^ 
dinally, along the surface least* subjected 
to pressure, by a synovial fold, the ,meso- 
tendnriy which transmits vessels to the 
tendon {fig 32). If the range of move- 
ment of the tendon is cojisideraWe, the 
meso tendon may disappear .(e.g., Peronei 
Longus ct Brevis) or be repre.^ented by 
threads, vincula (e.g., long digital flexors). 



Fig. 32. Diagram of a synovial sheath. 

A synovial sheath is Required only where 
a tendon is subjected to friction or pres- 
sure on two^or more surfaces (front and 
back). 1'his condition obtains OBly at* 
the hand and foot and in the bicipital 
groove’ at the shoulder. In all instances 
it SO happens that the fraction results 
from the presence of. bone on one surfage 
and of a rc^tinaqularligament on the other. 
In order to allow ample play such 
sheaths extend about above and below 
the sites of friction. Synovial fluid is' 
like burial fluid. 

Architecture or Internal Structure.* 

The fleshy fibres of a muscle fnay be dis- 
posed either (1) parallel to the long axis 
of the muscle, or (2) obliquely, like the' 
barbs of a' feather. 

The Sectional differences between the 
parallel and the oblique t^pe is this: the 
parallel type has long fibres (or chains of 


fibres) but relatively few of them, there- 
«fore it can lift a light weight through a 
long distance; tjie oblique type has short 
fibres but they are very numerous, there- 
•fore it can lift a heavy weight through a 
iihort distance. 

. (1) Fibres Parallel to THp Long 
Axis of the-Muscle or, approximately 
so. Here tlic fibres may be •parallel 
from end to end, perhaps having a short; 
tendon or aponeurosis at one en.d or at 
both ends, includes many strap-like 
and flat muscles (e.g., Sterno-mastoid, 
infrahyoid muscles. Rhomboids, Rectus 
Abdominis, Quadratus Lumborum, Glu- 
teus Maximus, Sartorius). Here may be 
included triangular muscles whose fibres, 
though not exactly parallel, run a straight 
course from origin to insertion (e.g., 
Serratus Antqrior, Pectoralis Major, Lat- 
issimus Dorsi, Anconeus, Adductores 
Longus ct Brevis, Popliteus) and also the 
fu^form typcj which has a tendon at 
each end (e.g., Biceps, Brachii, Semiten- 
dino.sus).. 

(2) Fibres Oblique to the Long- 
Axis of the Muscle (fig. 33). From 
their resemblance to feathers these mus- 
cles are called pennate, the fleshy fibres 
corresponding to the barbs of the feather 
and the tendfih to the shaft — for they are 
all inserted by tendon. They are (a) 
unipennate when the fleshy fibres havq a 
linear or narrow origin (e.g.. Ex. Digi- 
torum Longus, Peroneus Tertius), for in 
this case the appearance is that of one 
half of a feather; (b) bipennaie when the 
fleshy fibres arise from a long broad sur- 
face (e.g., Peroneus Longus, Fl.»JIallucis 
Longus), for in this case the appearance 
is that of a whole feather; (c) mullipen- 
nate when septa extend into the origin 
and insertion (e.g., Deltoideus, Subscapu- 
laris, fig. 83), for in this case the ap- 
pearance is«that of many feathers; and 
finally, muscles (such as the« Tibialis 
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Anterior)- whose fibres converge on a ten- tendinous or aponeurotic, (e.g., ^artorius 
don which extends into their substance, p. 383; Rectus Femoris p. 388). A 
may bespoken of BB^'circumpennate”. tendon can 6e any*length. As a corol- 
Note thrfit a bipennate muscle arises lary, knowing the range of movement of 
not only from two lines but also from the • the bony point into which a ntuscle is 
surface between those lines; hence, it is# inserted, the length of the fleshy fibres 
many times more powerful than a t5ni-' (or chains -of fibres) of that musclc*can 
pennate muscle.^ Multipenoate and '^cir- usually be calculated, and the most distal 
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RELAXED AND CONTRACTED 




P'lG. 33. Diagrams showing the architecture 
nate muscles, obviously, are powerful muscles. 

cumpennate^’ muscles are correspond- 
ingly still more P9wcrful. 

■ Contraction. When muscle fibres con- 
tract or shorten they necessarily increase 
in circumference {fig. 84 ) — they swell, 
as exemplifieci in gross form by the Biceps 
Bracjiii in changing from its relaxed to 
its contracted state. In pennate muscles 
the side or upward thrust •Imparted by 
each swelling fibre to its neighbour is no 
negligible factor in raising the tendon 
during the contraction of the muscle. 

On contracting, the fleshy fibres of a 
muscle shorten between a third and a 
half (57%, Haines) of their resting'length. 
Being, so to spcak„expensive*in upkeep 
they arg- never longer than necessary — 
those of a muscle composed of parallel 
fibres being two or three times the length’ 
of the distance through which the site*of 
insertion can move. If the distance 
between origin and insertion is greater 
than the length of fibre required for full 
action, the surplils length is fibrous, i.e., 


or internal structure of pennatJfe muscles. Pen 
(After Pfuhl.) 



Fig, 34. On contracting, fleshy fibres 
sRorten to between J and 4 of their resting 
length and swell correspondingly. 

point possible .for its origin established 
^example: Biceps Femoris p. 404). The 
various fleshy fibres (or chains iX fibres) 
bf U parallel or an oblique-fibr8d muscle 
have equal •work to do, and so are equal 
in length; therefore, one can usually 
reason out the aspect of the* muscle on 
which the tendon appears, for this must 
be on the opposite surface fr^m the 
origin (e.g., PI. Digitorum Profundus, 
fig. 112; FI. Pollicis Longus, fig. 113). 
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The fleshy fibres of a triangular muscle 
whose ba'^c is inserted into a liml/ bone 
(e.g., Anconeus at the 6lb(nv, l^cctiricus 
and Adductor Longus at the hip) are 
longer on the distal side than on the proxi- 
mal. I'hcy require to be so, because the 
mo.^t distal point of iitiertion makes the 
greatest excursion. 

Investigation. In investigating the ac- 
tion of, muscles five methods are avail- 
able: (1 ) In the cadaver a muscle may be 
freed from surrounding structures and 
pulled iq>on, and the resultant fjosition 
of the joints upon which it acts taken to 
indicate the actions of the muscle in 
Ufe. 

(2) In the living subject a muscle may 
be stimulated to contract by the suitable 
•application of the electrodes of an induc- 
tion coil to the skin, one being placed over 
the motor point (p. 30) of the muscle. 
This was Duchenne’s method of approach, 
and his work forms the basis of our knowl- 
edge of this subject. 

(3) A living person may be instructed 
to execute a specified movement while an 
observer, by inspection and palpation of 
the muscles of the region, determines 
which are in action. Precautions miust 
be taken to avoid confusing antagonists 
and synergists with prime movers (p. 
29). 

(4) Clinical information may be gained 
from the study of jthe effects (a) of nerve 
injuries — and ‘these were plentiful during 
the war — and (b) of transplanting ten- 
dons surgically in cases of paralysis. 
These fall into the category of experi- 
ments performed accidentally and by 
design. 

(5) Inman, Saunders, and Abbott have 
recently, developed, a new method which 
would seetn to be the ultimate, or at least 
the penultimate, method. It consists in 
plantin^ilectrodes in the muscle of a liv- 
ing human subject, and having him per- 


form a motion. The differences in the 
electrical action potentials of the muscle 
are amplified and recorded mechanically. 
Now, it has been determined tjiat there is 
4 a direct relationship between the tension 
, developed in a muscle and the action cur- 
rent potential ; so, by this procedure one 
ckn analyse t'he activity of an individual 
muscle during motion, noting, .for ex- 
ample, during what stage of a movement 
it comes into action and during what 
stage it exhibits its greatest activity. 
Further, by using a number of amplifiers 
the simultaneous acticiLns of a group of 
muscles can be studied (p. 183). 

Methods nos. 1 and 2 give information 
as to what an individual muscle acting 
alone would do. Since, however, in- 
stances of a muscle acting singly are few 
(c.g., closing the eye), these have less 
practical importance than methods nos. 
3 and 4. Method no. 5 may be expected 
to throw on the subject a light that will 
illuminate many obscure features and 
reveal errors in our present teaching. 

Muscle Action. A neurone and the 
muscle fibres it controls, generally about 
100, may be called a “mo/er uniC^ much 
as one may speak of a kidney, a liver, a 
spleen, or a lung unit. Only a small pro- 
portion of motor units are in action at a 
given moment, at least they are in differ- 
ent phases of activity, because impulses 
are discharged by the central nervous 
system asynchronously. 

Wliile maintaining a given position or 
posture the muscles concerned are in a 
state of reflex contraction or tone. Tone 

t. 

depends on the afferent impulses^reaching 
the brain from the^ sensory endings in 
muscles, tendons, and joints — ^also on the 
state of the vestibular apparatus and of 
the jcentral nervous system. Under anaes- 
thesia tone is abolished ; hence, dislocated 
joints are .more easily reduced under an 
anaesthetic which abolishes t^he exag- 
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gerated tone called spasm. Differences 
in tone depend upon the rate at which ^ 
impulses are discharged in a given unit 
' and upon ,the number of units in play. 
Movements are produced by throwing ah < 
increasing number of motor units into, 
action and at the same time diminishing ' 
the tone of the antagonistic.musclcs (i.fe., 
reflex relaxation). 

• Most bodily actions, even ordinary 
ones, call into play principal •muscles 
and many a'^sistants. Tlffe principal 
muscles, prime movers or agonists, by 
actively contraciing (shortenmg) pro^ 
diice the desired movement. The mus- 
cles that produce the opposite move-* 
ment* antagonists^ by actively relaxing or 
‘‘paying out” cause to be smooth and 
i^gulatcd a motion that otherwise would 
be jerky and spasmodic. In a sense, the 
two ropes of the rudder of*a boat act as 
• prime mover and antagonist ; and when 
the cox pulls on the one, he docs not let 
the other become slack. Again, when a 
prime mover passes over more than otie 
jpint, certain muscles are called upon to 
steady the intervening joints; such mus- 
cles are synergists (Gk. syn = together; 
ergon = work). Still othel* muscles, 
fixators, are called upon to steady the* 
more proximal parts of 4he limb or 
trunk. Obviously, the same muscle may 
act as prime mov6r, antagonist, synergist 
or fixator under differenib circumstances. 

Examples. (1) When you day your 
hand and forearm on the table .and ab- 
duct your thumb, not only is the Ab- 
ductor Pollids Longus (at the lateral 
border of the wrist^ felt to become taut 
but also the. Flexor, and Extensor Carpi 
Ulnaris — the medial edge of the former 
is felt on deep pressure just proximal, to 
the pjsiform, of the latter just proxjmal 
to the base of metacarpal V. These two 
ulnar muscles act as syne|;gis‘ts; they 
fix the wjist joint lest it too be abducted. 


(2) The long flexors of the fingers flex 

the •interphalangeal and metacarpo- 
phalangeal Joiifts tod also the wrist 
joint. Now, on clenching the fist or on 
closing the hand, rfay on a broon> handle,, 
the tendons of the Extensores Carpi 
RAiiales and Ulriaris can be felt tq tjon- 
tract (8ee p. 147). They do so in order 
*to prevent. flexion of ’the wrist; they act 
as synergists. . ^ . 

(3) On flexing the interphalangeal 
joints, as on gripping a golf club,* the 
Extengor Digitorum Communis is felt to 
contract, as a synergist, to prevent flexion 
of the metacarpo-phalangeal joints. 

Resistance mgy be a substitute for an 
antagonist*. Example: If your elbpw is 
rigidly flexed at a right angle, both your 
Biceps and Triceps can be felt to be 
contracted. If now you place your 
palm under the edge of*a heavy table 
and make as effort to raise it, the Triceps 
is felt at once to relax, demonstrating 
that the resistance of the table replaces 
the action of the Triceps. 

, Gravity is a valuable aid to some move- 
ments, depending &pon the position of 
the • limb or of the body. Example: 
•On raising the arm from (he side, the 
myltipennate portion of the Deltoid 
ffig. 88)- is the prime mover; gravity 
(certainly if there is a weight in the hand) 
is a .sufficient antagonist; the anterior 
and posterior long fibres of the Deltoid 
act' as synergists; the Trapezius and 
Serratus Anterior fix the shoulder girdle 
•{fig. 164) and, so, become fixation 
muscles — in fact, without them% nothing 
•woul(l be achieved. . On lowering the arm, 
gravity becomes the prime mover and 
the Deltoid the antagonbt. If resistance 
•is encountered, as on pressing the hand 
downwards on the table, the anterior and 
posterior folds of the axilla become taut 
because the Pectoral muscled and the 
Latissimus Dorsi come into play as prime 
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movers, and the Deltoid relaxes. Simi- 
larly, in walking the raised limb* tends 
of its own weight to falKo the ground. 

When the flexed elbow is relaxed, it is 
gravity,, not the Triceps, that as a rule , 
causes the hand to fall to the side. In- 
deccl, the coniinon use of Uic Triceps is 
not to extend tlie elbow but to prevent 
the elbow i'roni flexing, as iy pushing a 
wheelbarrow. When tl)e hand is raised 
abov(' tile head, howevea*, as in brusliing 
the liair, also in the ba(*k stroke in tennis 
etc. the Triceps is a prime mover. 

Blood Supply. The chief vessels enter 
a muscle with the nerve ; accessory vessels 
unaccompanied by nerves are present in 
many muscles. The vessels in a muscle 
anastomose to form a rectangular net- 
work. .The veins in the* muscles, like 
those in the limbs in general, have vah es; 
so,' muscular ci^ercise, by massaging these 
veins, aids in circulating the, blood. 

Lymph Vessels run with the blood 
yesscls. 

Nerve Supply. The ner\ e to a mu'-ele, 
though called a motor nerve, is in reality 
a mixed nerve, Ixauig about I motor, ? 
sensory, and- paitly symjiatlietie.. (l; 
The motor (efferent) fibn's pass t(' 
motor cnd-plalcs (i.c., ar<‘as o.** granular, 
nucleated sarcopla.sm under tiu* sar- 
colemma in which a nerve fibnl blanches 
like an ojien hand). (‘2j d he sensory 
(afferent) fibres begin as. (aj free endings 
on the muscle fibn-s, as (1)) cncapsuled 
endings in the connoetivc (issue, and as 
(c) muscle spindles -those are spindle- 
shaped gwellings 1 to 4 mm long, having 
a lanhn^ted ' areolar capsule contain-? 
ing some fluid. Passing lougitudinally 
through this are several thin and poorly 
developed ^voluntary muscle fibres, sup- 
plied with motor end-platcs. Sensory 
nerve fibres pass to these muscle fibres 
and eitiifer spread over /hem, or form 
rings or spirals around them. Similar 


sensory endings are found in tendons, but 
in tendon spindles collagen fibres substi- 
tute for muscle fibres. It is through the 
sensory nerves in muscles, tendons, and 
joints that one is kept informed of the 
^position of the parts of one’s body in 
space; so, even with the eyes shut or in 
the dark, one can walk withoiit stum- 
bling, feed oneself without spilling, and 
shave without a mirror; further, one 
knows whether a joint is extended or, if 
flexed, the degree. (3) The sympathetic 
fibres are, by some, believed to end in 
the muscle fibres, but, by most, to supply 
the vessels (Wilkinson). 

Most motor nerves are derived from 
more tha^i one spinal segment, and the 
segments arc always consecutive (e.g , C. 
5,6, or L. 2,3,4). Muscles placed near 
the surface of the body may be made to 
contract on applying an electrode to the 
skin near the jioint of entry of the nerve. 
The a])propriatc point for each muscle 
is' called the motor point of that muscle. 

Nomenclature. The iiame-i given to 
miL'^eles arc desenptive of their geometri- 
cal shape (e.g.. Triangularis, Trapezius, 
Hhomboidei, Teres Major, Quadratus 
Femoris); of their general form (e.g., 
Longiis Capitis, Serratus Anterior, Latis- 
simus Dorsi^, Piriformis, Gracilis, Vasti); 
of the number of heads or bellies (e.g.. 
Biceps, Triceps, QuadricciJS, Digastric); 
of their structufe (e.g., Semitendinosus, 
Semimcaibranosus) ; of their location (e.g., 
Temporalis, Supraspinatus, Intercostalcs, 
Iliacus, Tibialis Anterior); of their at- 
tachments -(e.g., Stylo-hyoidcus, Ilio-cos- 
talis, Brachip-radialis); of their action 
(e.g., Flexor- and Extensor Carpi Ulnaris, 
Abductor and Adductor Digiti Quinti, 
Levator Scapulae, Depressor Anguli Oris, 
Supinator,, Pronator Teres, Rotatores, 
Tensor Palati); of their direction (e.g., 
Rectus Abdominis, Obliquus Oculi Supe- 
rior, Transversus Lmguae) ; of contrasting 
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features (e.g., Pcctoralis Major and 
Minor, Peroneus Longus and Brcxis, 
Pterygoideus Medialis and Lateralis, 
Tibialis Anterior and Posterior, Gcinellus 
Superior and Inferior, Obturator In- 
temus and Externus; Gluteus Maximus, 
Medius and Minimus; Vastus Medialis, 
intermeefius and Lateralis). There being, 
then, a fairly obvious reason for the name 
ofceach muscle, the student should rarely 
• forget or confuse them. 

' Variations. Muscles are subject to 
variation, and books have been written 
about their variations. The •muscles* 
that vary most arc muscles that are 
either ^'coming’’ or '‘goiiig'\ that is, . 
muscles that are appearing in the species 
and muscles that are disappearing: — 
the Palmaris Longus and Plantaris are 
disappearing (the one is absent in 13.7% 
of 401 limbs, the other in r).8% of 528 
limbs) and when present the sites of 
origin and insertion and the size of the 
fleshy bellies vary greatly. The Peronetis 
Tertius is appearing (it is absent in 
6.9% of 300 limbs) and when present it 
is inserted anywhere along the dorsum 
of metatarsals 3, 4, or 5 or to the inter- 
osseous memCrane between tl/t?m. The 
Peroneus Longus has migrated across * 
the sole of the foot to bei*att ached to 
metatarsal 1. In 72.3% of 213 limbs it 
is attached also to cuneiform 1, and in 
48.3% to metatarsal 2 Also. The short 
muscles to the little finger and Jittlc toe 
are commonly in part suppressed. 

It is obvious that* the wide;sprcad 
fleshy origin of a muscle may spread 
either a little more or a little less without 
affecting the. action .of the muscle (e.g., 
the Pectoralis Minor, typically arising, 
from ribs 3, 4, and 5, may extend upwards 
to the 2nd rib or downwards io the 6th; 
on the other hand, the lower portions of 
the Trapezius and Pectoralis^ Major are 
not uncoqimonly wanting). Equally ob- 


viously, the strictly localised site of in- 
sertior? of a tendon can seldom be dis- 
placed without ahering the action of the 
muscle. 

^ Accessory or Supernumerary Muscles 
^ mostly lend themselves to explanation 
on fOorpholggical grounds; they are^not 
clinically important. The Stcrnalis and 
the Axillary Arch arc of considerable 
interest (q.v.). .Sometimes the Biceps 
Brachii' has three origins and the Coraco- 
brachialis three insertions, as in sdme 
primates, and occasionally they have four. 

All tlrcse conditions being prc.sent at 
birth, the subject -adjusts himself to 
them. 

THE BLOOD VASCULAR AND 
LYMPHATIC SYSTEMS 

The blood vascular system comprises 
(a) the heart and (b) th(f blood vc.ssbls 
(arteries — capillaries —veins). These 

form a tubular system which with few 
exceptions is closed, lined throughout! 
with endothelial cells, and filled with 
blood. It receives the lymph and chyle 
brought to it from tlfe lymphatic system. 
Theso two allied systems—the blood 
vascular and lymph vasciilar-^constitute 
the circulatory system. 

^ Blood. . The volume of blood in the 
body is about 10 pints, and it equals 
about oP the’ total body-weight. 
It* is composed of plaSma and cells. The 
'plasma or fluid portion of* the blood = 
91% water and 9% solids (e.g. proteins, 
^Its, products' of digestion and waste 
products), also respiratory gases ^©2 and 
COc),’ internal secretions, cnz3^e§, etc. 
The cells = red corpuscles (erythrocytes), 
white corpuscles (leucocytes) and blood 
platelets (thrombocytes); these are in 
suspension. . ' 

Animals, like plants, absorb their food 
in fluid form.. The fluid products of 
digestion are absorbed from the digestive 
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tract into the blood-atream for distribu- 
tion to the various tissues and organs of 
the body for their growth; maintenance, 
and diverse activities (c.g., contraction 
in muscles, secretionin glands). Oxygei^ 
from the air passes into the lungs and 
thence into the blood-strcan), the pldsma 
dissolving a small amount, the red cells 



Fto 35. Diaffiain of the ( ir( ulntory systorn. 
Hatched vessels ronduft owujcii.Ucd* blood; 
clear vessels conduct blood IxVlcn with carbon 
dioxide. Note the pulinonarv and systemic 
circuits and the double set of capillaries on the 
subsidiary digestive and lenal circuits. • 

combining with 60 times as much 
This a^BO is distributed to the tissues. 
The *wa^te products of metabolism, 
formed in the tissues, entci: the blood- 
stream and are brought by it to the ex- 
cretory OEgans (kidneys, bowel, lungs, 
and skin)i It is through the capillaries 
that th^e various interchanges take 
place. 

Definitions. The heart is a hollow 


muscular pump. Its duty* is to pump 
the blood to the capillaries. Capillaries 
arc tubes whose walls consist of thin 
semipermeable membranes,— permeable 
to water and crystalloids, but imper- 
meable to the proteins of the blood 
plasma and to other substances of large 
molecular composition. Through them 
nutritive materials and O 2 pass, from the 
blood to the tissues; and through thorn 
waste products and CO 2 return from the 
tissues to ‘the blood. Arteries are tub^ 
that conduct blood from the heart to 
- the semipermeable capillaries. Veins 
are tubes that conduct it back from the 
semipermeable capillaries to the heart. 

The Circulation of the Blood. The 
blood traverses two separate circuits, (Jig, 
35 ), llio pulmonary and the systemiCj each 
with its own pump: 

(1) The r'lght side of the heart pumps 
the blood through the vessels of the 
lungs- these constitute the pulmonary 
or lesser circuit. 

(2) The left side of the heart pumps 
the blood thiough the vessels of the body 
generally— these constitute the systemic 
or greater circuit. 

To serve these two circuits, the heart 
hc'is four chambers, two on the right side 
and two on the left. One of these on 
each bide is a tliin-walled receiving 
chamber, the atrium\ the other is a 
thick-w’alled dLstributing or pumping 
chamber, the ventricle. The Pulmonary 
Circuit: The blood entering the right 
atrium (via the s.‘ v. cava, i. v. cava, and 
veins of the heart itself) passes to the 
right ventricle whic\i pumps it through 
the pulmonary arteries to the capillaries 
of the lungs, thence through the pul- 
monary veins to the left atrium. The 
Systemic Circuit: From the loft atrium the 
blood passes to the left ventricle which 
pumps it tJiroUgh the aorta and its vari- 
ous arterial branches io the capillaries 
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of all the re.^t of the body, thence through 
veins which become increasingly larger 
and fewer till finally the superior ^and 
inferior vesac cavac anJ the cardiac 
veins return to the right atrium the same 
volume of blood as the left ventricle 
ejects into the aorta, and at the same rale.. 

Normally bloofl is red when the oxygen 
content is high and Llue when it is low. 
O^gen is taken up by the* capillaries 
* in the lung and carbon dioxide iS given 
off. The reverse process ocAirs in the 
systemic capillaries. It follows, there- 
fore, that blood isr red in the piflmonary* 
veins, left side of the heart, and systemic 
arteries; and blue in the systemic veins, ' 
right side of the heart, and phlmonary 
arteries. It is customary in illustrations 
to colour the parts red and blue accord- 
ingly. ^ 

Though the capacity of each of the 
four heart chambers is practically the 
same (60-70 cc.), the resistance offered 
by the pulmonary^ vessels is obviously 
mlich less than that offered by .the sys- 
temic ones; accordingly, the wall of the 
right ventricle is much thinner than th^i 
of the left. ^ 

STgUCTCTRE OP THE HbART WaX.L. 
The chief part of the heart wall is the 
muscle, the myocardium, consists of 
oblong cells, transversely striated, each 
witJi a centrally placed nucleus. Having 
no sheath (sarcolemma) the cells are 
enabled to join end to end and to be 
connected by side branches, so they form 
a 6 ync 3 rtium (Gk. syn .= together; 
cytos » a cell). Internally the myo- 
cardium.is lined with a layer of endo- 
thelial cells, the endqcardiumi, continuous 
with that of the blood vessels and resting ’ 
on a meagre sub-endocardial areolar 
layer. . Externally it is covered with a 
similar layer of cells, the ejneardiunt 
(visceral pericardium), wfiich# rests on a 
thin subserous areolar layer. In the 


latter run the main cardiac vessels often 
^ embedded in much fat. For heart 
valves, see pp*. 54l, 551. 

Blood Vessels (arteries, capillaries, 
•veins). The main "systemic artery (the 
» aorta) and the pulmonary artery, each 
about 30 mm, in diameter, branch tdnd 
rebranch like a tree, the branches bo- 
coming smaller as they become pro- 
gressively more - numerous. When, re- 
duced to a diameter of about 0.3 mm. 
and just visible to the naked eye they are 
called .qrterioles. These break up into a 
number of capillaries (L. capillus =* a 
hair), each about 1 mm. long and large 
enough (7 or more) to allow the passage 
of the. red blood cells in single file. •The 
capillaries form an anastomosing net- 
work or^ rcte. * The cross-sectional area* 
of the entire systemic rcte or capillary 
bed is about 800 times greater thav that 
of the aortaf In this rete the smallest 
veins, called venule^, have their source. 
Veins accompany arteries and have the 
Same tree-like pattern as arteries but, 
owing to. the direction of the blood- 
current within them, they are usually 
likened not to trees but to rivers, the 
branches being called tributanes. 

Below the elbow and knee, and 
eJsewhere; arteries are closely accom- 
panied by paired veins, venae comitantes 
(epmites), one on each side. These 
veins are united to each other by short 
branches which form a network around 
their art.ery. ’ The pulsations of the 
artery, by indenting the veins, perhaps 
aid slightly in forcing the venoiss^ blood 
onwards towards the heart. Veins also 
run independently of arteries (e.g., super- 
ficial veins); veins are more numerous 
than arteries and their calibre' ia greater. 

Veins characteristically have folds of 
the inner tunic, called valves, gqperally 
with two cusps and commonly placed 
immediately peripheral to the moiith 
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of an entering tributary. Like the gates 
of a canal-lock, they open in one*direc-^ 
tion, namely, towards life heart. Around 
the valve the wall of the vein is dilated, 
as at ••the aortic vFilve {fig, 509), to# 
allow back eddies to close the cusps. 

The venous valves nearest the heart 
are placed near the ends of the internal 
jugular, subclavian, and femoral veins 



Fig. 8f). T’iie venous blood itnpnsoncd in 
the trunk by valves. 


(sometimes in the common and external 
iliac veins) {fig. Sh'). Thus, they iin- 
prison the venous blood within the trunb, 
and d luring periods of increased intra- 
abdominf 1 ^ (pressure (e.g., during -de 
faecation) and during increased intra- 
thoracic pressure (e.g.,. during expiration), 
they prevent it from being forced back 
into the limbs, head, and neck. There 


are most numerous in the veins of the 
limbs. They are readily demonstrated 
in the superficial veins of the forearm 
thus: Circumduct your limb vigorously 
at the shoulder joint in order to cause 
(he veins to fill; then, keeping the forearm 
brfow the level of the heart so that the 
\’eins shall .not empty, with tlic tip of 
your index obstruct a prominent vein 
about the middle of the forearm and, by 
stroking })roxiinally with your thumb- 
nail, emptj' a long segment of the vein. 
Note that on removing the thumb the 
vein filte from above as far as the nearest 



luG b" A. Uemonbtrating the sites of the 
valves in the veins of the forearm during life 
(after Williani Harvey— The motion of the 
heart and blood in animals, 1()28.) B A vein 
turned in.^ide out imperfect>’y showing the 
valves (after 1 abnciub, 1GU3). 

valve, and Ahat on removing the index 
the empty segment fills from below 
(A'/- 37). 

The veins of the limbs are elliptical on 
cross-section, the long axis of the ellipse 
being parallel to the overlying skin. This 
is notably the case at the sites of valves 
(fig, 38), The tw^o^ cusps of each valve 
arise from the long curves of the ellipse ; 
hence, when the valve is compiessed, e.g., 
between the skin and the deep fascia, its 
function is not impaired. The same is 
true of unicuspid valves, which, however, 


are no fginctioning valves in the portal 
a3^tem^and only rarely do those (2 or 3) 


are much less numerous than bicuspid 
valves. A similar arrangement exists at 


in ’the cardiac veins function. Valves the valves of the deeper seated veins, 
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e.g., those in the external iliac vein are 
parallel to the parietal peritoneum ; those 
in the subclavian vein are j)arallel tq the 
underlying first rib — and so probably for 
venous valves in general (E. A. Ed- 
wards). « 

Strucjuue. Arteries typically haVe. 
three coats or .tunics: (!)• the tunica 
intima or inner coat has a lining of 
eifdothclial cells, with a lillfc subcndo- 
thelial ajcolar tissue and, outside this, 
a tube of elastic tissue (tlie internal 
elastic membrane); (2) the tunica media 
or middle coat is "Composed of alternate* 
layers of smooth muscle and clastic 
tissue ^in an areolar bedding; (3) the * 
tunica adveniilia or outer coat Ts a fibro- 
areolar tube of considerable strength 
containing some elastic fibres. 

Both muscle tissue and plastic tissue 
arc elastic, like rubber, and after being 
strctclu'd they tend to return to normal 
length, i.e., they contract passively. 
Muscles can also contract actively; 
elastic tissue cannot. Hence,, muscle 
requires a large blood supply; elastic 
tissue requires but little. I'dastic tissye 
is a muscle sparer; its upkeep is in- 
experisivo. 

The blood ejected at each heart beat 
into the aorta causes it tcf*expand— to 
become temporarily a receptacle. As 
the expanded aorta returns to normal, it 
drives the blood through the arteries and 
arterioles into the capillary b^d. The 
amount escaping into the capillary bed 
in a given region, however, is regulated 
by the need of the ti^isue at the time. In 
other wcM^s, the blood in the “receptacle” 
is apportioned to thc^organs in accordance 
with their requirements. The mecha-’ 
nisrn controlling the distribution is the 
muscle in the walls of the rfrtertoles vVhich, 
so to speak, can be turned^ on and off like’ 
a tap. The aorta and the large arteries 
have much elastic tissue and relatively 


little muscle in their walls; whereas the 
arterioles are essentially muscular. 

Capillaries fiave but one coat, namely, 
the endothelial lining common to all 
• vessels and the heart. • 

Veins have the same general structure 
.as {heir companion arteries. Their^cal- 
ibre, however, is greater; the blood pres- 
sure within 4;hcm is lower; they have less 
muscle, and much less elastic tissue, A 
vein may be described as an areolar tube 
in which a muscle coat is embedded, and 
which , 4 :) 0 sscsses an endothelial lining. 
Some hours after death all the muscular 
tissue in the body contracts; hence, the 




Fio. 3S. Veins tend to be*elliptical on cross 
section. The long axes of the cusps of their 
valves are so disposed "that external pressure 

does not impair their function. 

• • 

Corpse .becomes rigid (rigor mortis) and 
the blood is driven from the more muscu- 
lar arteries into the less muscular veins. 
Even ^fter the rigor passes off and the 
vessels relax, the arteries are empty 
(or contain gases of decomposition) 
and’ the veins are filled with blood. 
Aftcrics. (Gk. and L. arteria = an air 
tube) derive their name from the fact 
that they were believed to be conductors 
t)f air like the trachea, which wfis known 
as the arteria aspera or rough air tube. 

Vasa Vasorum, * The heart wall is 
Supplied by the coronary aftcrics and 
cardiac veins. The outer layom of arter- 
ies whose diameter is greater thai^l mm. 
arc supplied •by small vessels, vasa 
vasorumy which lie in the tunica adventitia 
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and extend into the media. The inner 
layers of the large arteries are also , 
supplied by minute vasa vasorum whose 
pinpoint mouths o])en into the lumen of 
the artery. * < 

The Distribution of the Blood and 
Its' Jlervous Regulation. 'The volume 
of blood pumped into the aorta in a given 
time equals that returning to the right 
atrium, wliich in turn equals that pumped 
into the pulmonary artery and returning 
to the left atrium. If it were otherwise, 
there would be temporary or per/nanent 
local congestions. The blood pressure 
within the aorta is about 120 mm. of 
mercury, at the arteriabend of the capil- 
laries about 30 mm., at the venous end 
12 mm. and in the great veins 5 mm. 
This determines the direction of the blood 
flow. The rate of flow in the aorta, when 
the subject is resting, is about 0 5 metres 
per second, in the capillaries about 0.5 
mm. per second, and in the veins it 
gradually increases until in the venae 
cavac it nearly equals the rate in the 
aorta. 

The heart is supplied by efferent vagal 
and sympathetic fibres. Stimulation of 
the vagus results in slowing of the heart*, 
stimulation of the sympathetic in ac- 
celeration. Paralysis of both vagi results 
in acceleration; paralysis of both sym- 
pathetics in slowing. When the blood 
pressure in the arteries rises, afferent 
fibres of the vagus distributed to ‘ the 
aortic arch (aortic nerve) and of the 
glossopharyngeal nerve distributed to 
the carftid sinus (sinus nerve) are stim- 
ulated and reflexly bring about slowing 
of the heart and vasodilatation of the 
vessels with consequent fall in, blood 
pressure. * 

The hhod vessels, particularly the 
arterio\pj^ arc supplied by efferent au- 
tonomic fibres— -both vasoconstrictor and 
vasodilator. Excitation of the vaso- 


constrictors results in constriction (con- 
, traction) of the arterioles with conse- 
quent diminution in the blood supply to 
the part and rise in blood pressure; 
excitation of the vasodilators has the 
^ opposite effect. This mechanism allows 
thb blood to be partly shut off, from one 
part of the body and diverted to another, 
e.g., during digestion it is diverted to the 
abdominal viscera; during hot weatHbr 
it is diverted to the skin so that heat 
may be losl. 

The sympathetic nerves to the vessels 
'of the" limbs travel in the peripheral 
nerves (e.g., median, ulnar, tibial) and 
are distributed by them in their course. 
Those to the head and neck ascend in the 
cervical sympathetic trunk, pass to the 
carotid arteries, and travel along their 
branches. T^hose to the abdominal viscera 
travel via the thoracic splanchnic nerves 
(especially the greater splanchnic nerve) 
tq^the cocliac plexus, thence they are dis- 
tributed to the branches of the abdominal 
aorta. Those to the pelvic viscera travel 
via the lumbar splanchnic nerves to the 
hypogastric plexus (presacral nerve). 

Certain cranial nerves transmit a few 
vasodilator fibres. The pelvic splanchnic 
nerves transmit vasodilator fibres to 
the rectum,*’bladdcr, and external geni- 
talia, and, because the consequent en- 
gorgement results in erection of the penis 
or clitoris, they are alternatively known 
as the nervi erigentes. 

Anastomoses and Variations. During 
development, networks of vessels sprout 
into actively growing parts (e.g., organs 
and limbs) and, as the parts enlarge, the 
networks advance .farther into them. 
Certain channels through these networks 
are chosen to be permanent arteries and 
veins ‘and^ their branches; the others 
disappear {fig. 421). There being a 
wide choicaof channels in the network, it 
is not surprising that those selected for 
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permanency, should vary somewhat from 
individual to individual. By way of 
demonstrating this fact, pull up your 
sleeve and tompare the pattern of the 
superficial veins on the front of your 
forearm with that of your neighbour; 
minor if*not major differences will he 
seen; even between your right and left 
limbs the patterns differ. 

Although the number of channels in 
the network retained to form* main 
arteries is restricted, commonly to one 
or two, the peripheral parts persist as 
capillary channels ‘and the communica- 
tions between these and neighbouring 
capillaries are called anastomoses (i.e., 
furnished with stomata or mouths). 
Anastomoses also occur between certain 
large vessels (e.g., the circle of Willis at 
the base of the brain; the palmar arches, 
fig. 136; the intestinal arcades, fig. 221) 
and between many small vessels and 
precapillary vessels (e.g., around joints 
and in the heart). ,In cases of obstruc- 
tion of the larger arteries, it is by the 
enlargement of these anastomoses that a 
collateral circulation is established and 
the vitality of#distant (or neighbouring) 
parts preserved. 

An arterial channel, which under 
ordinary circumstances disaff^ears, may 
persist as an accessory or supernumerary 
artery (e.g., renal, fig.28Q-B)] if the nor- 
mal artery disappears the persisting 
artery will act as a substitute for it 
(e.g., brachial,^^. 104; ijrofunda, 106). 
Such abnormal arteries, acting as Substi- 
tutes, account for Ahe erratic courses 
sometimei? taken by certain ’arteries and 
for the unusUal relationships they may 
bear to* neighbouring nerves and other 
structures. The same remarks apply 
to veins. ^ • 

The primitive zig-zag epurse through’ 
the network usually becomes a relatively 
straight ofie in the definitive artery, but 


it may be angular if side branches so 
•anchor* it, as in the case of the dorsalis 
pedis {fig. ,421) anJ of the popliteal 
artery which is heW laterally by the 
interior tibial. * 

► It^ is easily understood that arteries 
are sinuous ‘or tortuous when supplying 
p^rts that. are highly mobile like the 
cheeks and •lips, protrudable like the 
tongue .or expansile like the uterus and 
colon— even the nerve (optic nerve). to 
the movable eyeball requires to be 
sinuous# It IS not so obvious why the 
splenic artery ^hould be tortuous, while 
its companion vein is straight, or why 
*the branches of* the testicular artery 
(running on' the inner surface of the* in- 
expansile tunica albuginea) should be 
sinuous. . In the * aged the teihporal 
artery is commonly visibly, tortuous aud 
the brachial and radial arteries can be 
felt to be ift>, owing to degenerative 
changes in their elastic walls. 

Arterio-venous Anastomoses. In some* 
mgions arterioles communicate directly 
with venules, e.g., in Jhe skin of the palm 
of the hand and of the terminal phalanges, 
in thS’ nail bed, in the skin .of the lips, 
^nbse, and eyelids and at the tip of the 
tongue. This is in addition to the regu- 
lar communications by capillary. 

End-arterie% are arteries that do not 
anastomose with neighbouring arteries 
except through terminal capillaries. Ob- 
stmetion of such an artery is likely to 
lead to • local death, resulting in the 
cSise (a) of a cerebral artery, in paralysis, 
(b) of .the central artery to the rc^ipa, in 
Blindness, (c) of a branch of thePrenal or 
splenic artery, in death of a segment of 
the kidney or spleen,* (d) of two or three 
adjacent vasa recta of the in gan- 
grene of the gut, and so for the artery to 
the appendix. • 

Sinusoids. Fh parts of certain organs, 
(e.g., liver, spleen, bone marrow, adrenal 
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glands) the place of capillaries is taken 

by irregularly wide, tortuous vessels , 

called sinuaoids, 'The lining cells differ 

somewhat from endothelial cells, many 

of theiti being phagocytic, that is to say/ 

capable of engulfing particulate matter, 

and* they are supported * by reticular, 

fibres— not by areolar tissue. 

. • * • • 

Cavernous Tissue. In fehe corpora 

cavernosa and corpus spongiosum, of the 
penis and clitoris there are innumerable 
venous spaces lined with endothelium 
and separated by fibrous septa <ion tam- 
ing smooth muscle. This tissue is erec- 
tile. In the nasal cavities, especially 
over the middle and inferior conchae, 
arterioles open into wide aiVd abundant 
venous spaces and from these venules 
arise. ‘This also is erectile, ^yhen one 
has a “cold in the head'\ the venous 
spacee dilate and may obstruct the air 
way. In the placenta fee maternal 
arterioles empty into spaces lined, im- 
•perfcctly towards the end of pregnancy, 
with a syncytium. From these the ma- 
ternal venules lead away, and into them 
the foetal chorionic* villi dangle. 

Vascularity. Cellular tissues are vas- 
cular, e.g.’ muscles being the .celluIaV 
engines of the body require much fuel; 
glands (kidney, tliyroid, adrenal, and 
liver) are very vase,ular; ^so, obviously, 
are the lungs. Connective tissues are 
only slightly vascular: thus, areolar tissue 
and the fibrous tissues (e.g., deep fascia, 
tendons, ligaments) have a very meagre 
blood supply; adipose tissue and bonti 
have a/fair supply; but hyaline cartilage, 
the cornl‘a, and the epidermis are non*- 
vascular. Nervous tissue. * The grey 
matter of the brain, and spinal cord, 
being celhllar, is more vascular than the 
white matter and the peripheral nerves. 

Di^nctive Types of Blood Supply 
jare j^Slsessed by the heart, liver, spleen, 
kidney, and skin— the myocardial cir- 


culation (p. 543), the portal (p. 53), 
the splenic (p. 54), the renal (p. 61-62), 
and the cutai^eous (p. 72). 

fi 

The Lymphatic System 

< Tissue fluid is the fluid which bathes 
.thb cells (and fibres) of the tissues of the 
body, and it resembles J^lood plasma in 
chemical composition. From this fluid 
the cells ge*t* their nutritive material ; ‘'xo 
it they give their waste products; and 
through it* they respire. Between the 
tissue fluid and the plasma ol the cir- 
^culatory* blood a constant interchange of 
fluid and dissolved substances takes 
place through the semipcrmeable walls 
of the capillaries, and by this means the 
tissue fluid is refreshed. 

Most of the constituents of the blood 
plasma that transude through the walls 
of the capillaries into the tissue spaces, 
for the nourishment of the tissues, after 
updergoing metabolic change, transude 
back again and return to the heart via 
the veins. Some, however, transudes 
into the lymj)h capillaries whence it is 
drained by lymph vessels through lymph 
glands to the great veins ;it the root of 
the neck where it rejoins the blood 
stream. The fluid in the lymphatics is 
clear and colourless and is called lymph 
(L. lympha = pure, clear water) ; 
lymphocytes are added to it as it passes 
through the lymph glands, otherwise it 
is free from blood cells. 

Lymph Capillaries occur only where 
there are blood capillaries, and like blood 
capillaries they forrp a closed network, 
but with a larger mesh. They are especi- 
ally numerous in the skin and in mucous 
membranes. In two regions hollow finger- 
like cul-de-sacs project from the networks : 
(I) -the papillae of the skin, and (2) the 
Villi of t^e intestines. 

The Lymph Vessels draining the net- 
works are colourless, ^ to 1 mm*, in diam- 
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etcr, and beaded due to numerous valves. 
They run in (latty) areolar tissue. 
Though more plentiful than veins, they 
tend to acfompany veins and to drain 
corresponding territories. With the ex- 
ception of a few lymph vessels at the root 
of the neck, all lymph vessels traverse, 
one or more lymph glands. • 

Lymph Glands or Nodes vary in 
siSe from a pin’s head to ah* olive, and 
* are somqwhat flattened. In coloitr, they 
are pink in life and brownish*in the em- 
balmed cadaver; but those draining the 
lungs are black from inhaled carbon, and* 
after a meal those draining the intestines 
are white from emulsified fat. In struc- 

m 

lure, they have a fibro-elastiC capsule 
from whirh trabeculae sjiread inwards, 
and the spaces between the trabeculae 
contain a supporting reticular sponge- 
work with rcticnlo-endothclial cells. The 
periphery or cortex of the gland is filled 
with rounded nodules of lymphocytes 
surrounding which^are channels, lymph 
sinusesj bridged [by reticular fibres and 
reticulo-endothel al cells. In the centre 
or medulla of the gland lymphocytes aye 
loosely iiackcjJ. Lymph is brought to 
the §iiiuses of the cortex by several 
vessels and, after percolating almost 
stagnantly through them,** leaves by 
vessels arising in the medulla. The 
glands act as filters for lymph and fac- 
tories for lymphocytes. 

Note, Just as the renal blood passes 
through two sets of (arterial) capillaries 
and the portal blood "through two sets 
of (venous) capillaries, so lymph passes 
through >wo sets of (lymph) capillaries: 
(a) in the tissues, a^d (b) in* the sinuses 
of the glands or series of glands. 

The flow of lymph in an immobile 
limb is almost negligible, but during 
muscular activity it is very active.’ 
Lymph flows in the sam*e di reaction as 
venous blood, that is, towards the heart, 


due probably to (1) rhythmical contrac- 
, tion of the vessels, (2) intermittent 
pressure (e.g.,* musctilar action) on the 
valvcd vessels, (3) negative pressure or 
•suction within the tliorax, and (4) positive 
► pressure within the abdomen during 
iasi?iration. • Hence, when massaging a 
part, the stroking should be towards the 
heart. ' • 

We all know that when sraaU blood 
vessels and capillaries are cut, the bipod 
soon clots, bleeding is arrested, and the 
cut is scaled.* A broken lymph capillary, 
however, may remain open for days, per- 
mitting the eritry of debris, fluid, and 
poisons if they aje present. (Clark and 
Clark.J * ' • 

M AIN Channels. Three paired lymph 
trunks (1) the jugular accompanying the 
internal jugular vein in the nepk, (2) the 
subclavian accompanying file subclavian 
vein in the •upper limb, and (3) the 
mediastinal from the thoracic viscera, 
end cither separately or together near the* 
angle of confluence of the internal jugular 
and subclavian veins. A fourth channel, 
the thoracic duct, <}rains the territory 
below the diaphragm (the liver in part 
^cept(;d) ; it is described on p. 568 and 
depicted in fig. G07. 

• Investzoation. ' By forcing valves, 
main lyirah trunks, may be injected in 
re^rogcaTO direction, but not the smaller 
ones. These and the lymph glands into 
wMph they drain can be rendered con- 
spicuous from the network end. This is 
done by plunging a hypodermic needle 
at random into an areolar plan^ (e.g., 
subcutaneous, submucous, subserous, fas- 
cial) and injecting Prussian blue (or some 
other pigment that is insoluble in water 
and tissue fluids) dissolved m* ether and 
turpentine. As the solvents . evaporate 
the pigment is deposited withjn the 
lymphatics, which can be dissected. 
Naturally, the point of the needle will 
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not in all instances enter a lymphatic, 
if such is present, at the first, attempt.^ 

If, while thus iifjectlng, say the sub- 
serous network of the stomach, • you 
deliberately obstruct the efferent vessel 
in which the coloured fluid is visible, 
flavoring towards a lymph . gland, it^ will 
be observed to find egress by one of 
several neighbouring vessels,. From this 
you will appreciate -that the normal 
anatomical outflow may be greatly di- 
verted in pathological (e.g., cancerous) 
conditions associated with obstruction. 

Exceptions. Lymph capillaries are 
not present in epithelium (e.g., epider- 
mis), cartilage or other tissues devoid of - 
blopd vessels; neither dre they present 
in parts possessing sinusoids, nor in the 
brain or eyeball — though in the brain the 
perivascular spaces, continuous with the 
subai^achnoid space, substitute for them. 
Lymph capillaries do not a/5Company the 
blood capillaries between the alveoli 
,of the lungs, nor in the glomeruli of the 
kidneys, since ^ these capillaries are not 
nutritive in function — but in the lungs 
lymph vessels do Accompany the bron- 
chial vessels. 

Lymphoid Tissue such as occurs m 
lymph glands, the palatine, lineal and 
pharyngeal tonsils, the solitary and ag- 
gregated follicles of the intestine, the 
appendix, the thymus gland and the 
corpuscles of the ‘ spleen arc best de- 
veloped in youth, and diseases of- this 
tissue are commonest in youth. 

• ^ The Foetal Circulation 

Nifclcgted' red cells are the only, red 
cells in the foetal blood un^il the second 
foetal month; they are numerous until 
the end of the seventh month and they 
may be .present until a few (Jays after 
birth.^ But these cells cannot be re- 
cov#i0i from the maternal blood, because 
the two circulations— foetal and ma- 


ternal — are separate and closed. Through 
the foetal villi nutritive material and 
oxygen permeate from toother to foetus; 
waste- products and carbon dioxide per- 
meate from foetus to mother. The 
functions of the placenta, therefore, are 
concerned with nutrition, excretion, and 
respiration.^ In the foetus the pul- 
monary, portal, and renal circulations are 
of little account; the placental circulation 
is paramount. 

Blood, charged with nutritive material 
and oxygen, leaves the placenta in the 
umhilizal vein. This vein traverses the 
umbilical cord outside the foetus and the 
free edge of the falciform ligament of the 
liver inside, and it ends in the left portal 
vein. Some of the blood, thus brought 
to the left portal vein, then flows through 
the liver, leaves it by the hepatic veins, 
and enters the inferior vena cava; the 
remainder is short-circuited by the ductm 
venoms. This vessel, which occupies a 
sulcus behind the liver, connects the left 
portal vein to the inferior vena cava 
just below the diaphragm. The blood 
in this terminal part of the i. v. cava has 
a three-fold source: from (1) the lower 
limbs and abdominal wall, (2) the gastro- 
intestinal tract (via portal vein), and (3) 
the placenta- (via umbilical vein ) . Hence, 
the purest blood to reach the foetal heart 
travels through the terminal part of the 
i.v. cava to the right atrium. 

The Traditional View. In the foetus, 
it is held that the blood from the i. v. 
cava is directed by a large endocardial 
fold, the valve of the i. v. ca;va, across the 
right atrium and through an opening in 
the interatrial septum, the. foramen ovale^ 
into the left atrium, thereby short- 
cijrcuiting the pulmonary circuit. Thence 
it passes through the left ventri(jle into 
•the ascending aorta and aortic arch, and 
by thei)^ bfancJhes it is distributed to the 
heart, head and neck,- and upper limbs. 
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which therefore receive “pure” blood. 
It is blood ,that has been purified in the 
placenta and returned by^he umbilical 
vein and duCtus venosus to the i. v. cava 
and so to the right atrium (fig. S9), 

The blood from the heart, head and 
neck, and upper limbs returns via t&e 
superior vena cava (and coronary sinus) 
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Fig. 39. The foetal circulation* (After 
Cullen.) 

to the right atrium, whence it passes 
through -the right ventricle into the 
pulmonary artery. 6ome of' this blood 
then follows the pulmonary circuit 
through the lungs to the left' atrium; 
but most of it is short-circuited to 'the 
aorta by a vessel, the dvftus arteriosus^' 
which connects the left pulmonary artery 
to the aoftic arch just beyond the origin 


of the left subclavian artery. Beyond 
•this connection the united streams de- 
scend through the aorta and common 
iliac arteries; some to be distributed to 
•the abdomen and lower limbs, sdme to 
• the placenta. The umbilical or placental 
arteries, one* bn each side, pass by*tlie 
sides of the* bladder and up the anterior 
abdominal ^fall to the umbilicus, thence 
along the umbilickl cord to the placenta 
where waste products and carbon dioxide 
are discharged. 

Fromithis account it would appear (a) 
that the kidney has no short-circuit, (b) 
that the liver has one (ductus vengsus), 

^ and (c) that the k^ngs have two (foramen 
ovale and ductus arteriosus), and, fur- 
thermore, that the heart, head, neck, and 
upper limbs receive the purest blood. 

Changes at Birth. Lunqs. • The chjjd 
cries; the lungs begin to expand (p^532) 
and assume their functions, whereupon 
the foramen ovale and the ductus arterio- 
sus close — the former to be represented* 
by the fossa ovalis^ the latter by a fibrous 
cord, the Ugamentum arteriosum, 

Plicknta. The cord is tied about 2 
inches from the umbilicus, cyt, and dis- 
^ clirded >A.ith the placenta ; so, the right and 
left umbilical (hypogastric) arteries be- 
come thrombosed and fibrous {obliterated 
umhilicalj^rterfes) be 3 ’^ond the points at 
which the last branches within the body 
(superior vesical arteries) are given off; 
and the umbilical vein does likewise and 
becomes the round ligament of the liver. 
There is, therefore, less blood entering the 
i. V. cava to be directed at. the f^men 
dvale. • 

Liver. The ductus venosus also be- 
comes a fibroub thread, the ligamentum 
venosmn; so, all the blood in *the portal 
vein must now pass through the* liver. 

The Modem View. Highly eriginal 
and ingenious fexperiments by Pohlraan 
and careful calculations by Patten have 
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thrown doubt on certain aspects of this 
traditional view of Sabfiti^r, for example; 
that the caval blood streams do not mix 
and that the short* circuits close suddenly. 

The* Recent View. Barclay, Barcroft * 
Barron, and Franklin, after injecting, 
radio-opaque substances into veins of 
living foetal sheep and taking moving 
X-ray pictures, observed that (1) the 
whole of the superior caval blood passes 
through the right atrium, right ventricle, 
and pulmonary trunk, and thence (a) via 
the right and left pulmonary arteries to 
the lungs and (b) via the ductus arterio- 
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Fig. H). Dates of permanent closure of the 
ductus venosus, ductus arteriosus and fcframen 
ovale during the first year of life. (After 
Scammon and Norris.) ■* 


apparently dependent on the onset of 
respiration. These findings, then, sub- 
stantiate the f traditional view. 

Physiological occlusion is not to be con- 
fused with anatomical obliteration. 

From the accompan 3 dng chart (fig. 40) 
•\t is seen that the times of •complete 
obliteration* of the orifices are highly 
variable. The foramen ovale, though 
closed functionally, remains unobliterated . 
(i.e., admits a probe) in about 25% of 
adults. 

THE PERIPHERAL NERVES 

Man is not the largest of the animals, 
nor are his vision, his hearing or his sense 
of smell the most acute; he is not the 
strongest of the animals, the most fleet 
of foot nor even the longest-lived; but 
he is superlative in the quality of his 
central nervous system and he possesses 
a hand which does its bidding. 

• The central nervous system requires 
preferential trcatiiuuU not given in this 
book, but the peripheral and autonomic 
nervous systems are described here. 
TJieir place is shown in the following 
table: , 

Subdivisions of the Nervous System 


sus into the descending aorta; also fchilt 
(2) the main part of the, infe^^iol* caval 
blood passes through the foramen ovule 
into the left atrium, and that the minor 
part passes with the superior caval blood 
into the right ventricle; and that (3) the 
ductus arteriosus, which may be regardeS 
as a l^g muscular sphincter, closes func- 
tionally S few minutes after delivery, *an3 
(4) subsequent injections, ihade at live 
minute intervals for • nearly two hours 
after deliycry, show that the ductus re- 
mains closed* (though perhaps opening 
intermittentljjjjii and (5) that the func- 
tional closure of the foranaen ovale, which 
tends to precede that of the ductus, is 


Central 

Nervous 

System 


f Brain 
\Spinal cord 


Cerebro-spinal nerves 
Cranial nerves— 12 pairs 
PerijSheral Spinal nerves— 31 pairs 
Nervous { 

System Autonomic nervous system 
Sympathetic ^ 
Parasympathetic 


The central n. system, also called the 
solnatic ri. system (L. soma = the body), 
controls the voluntary muscles 'of the 
body and is concerned with things both 
above and* below the level of conscious- 
ness. The autonomic nervouS system, 
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also called the involuntary, vegetative 
or visceral nervous system, controls the 
involuntary muscles, the viscera, and 
parts over .which we do* not exercise 
voluntary control and of which, for the 
most part, we are unconscious (e.g., 
action of the heart, movements of the 
viscera, secretion of bile). . 

In the peripheral nerves (e.g., facial, 
median, digital) encountered in dis- 
' section, autonomic fibres are mingled 



Fig. W. Tlie composition of a peripheral 
nerve. . 


with cerebro-spinal -fibres /i). Like 
telephone wires, nerves transmit messages 
with incredible speed to the parts with 
which they are connected. Certain chem- 
icals, hormones j secreted by glands. enter 
the bloodstream and carry messages to 
distant parts, but this blood-borne trans- 
mission is relatively slow. 

Peripheral nerves lie in fatty-areolar 
tissue, usually accompanied by an artery 
and a^ vein. Main branchej^ course 
between muscles; cutaneous branches 
run in the superficial fascia clpse to the 
deep fasci^. 


Structure. Nerves are made up of 
nerve bundles, which in turn are made 
up of nerve flbrfes. •A loose sheath of 
areolar tissue (epineurium), continuous 
jmth the surrounding areolar 4:issue, 
.encases the entire nerve and unites the 
individual bundles. Each bundle ha^ a 
thicker' sheath, the perineurium^ which 
branches A^h^n the bundle branches and 
which accompanies every fibre ^ to. its 
destination. Between the fibres are some 
delicate areolar septa (endoneurium). 

A ncj*ve fibre consists of a central 

• thread, the axis cylinder, encased in a 
thick, soft, w'hite tube, the myelin 

• sheath, around w|jich there is a thin, but 
tough, ^ tubular ‘membrane, the 
Icmma. A nerve fibre may be likened to 
a i)encil, the axis cylinder being the lead, 
the myelin sheath the wooden shaft, and 
the neurilemma the enamel coi^ting. 
The axis cylii^dcr is the essential part of 
the fibre. It is continuous throughout 
the length of the fibre and at the pe- • 
riphery it separates intp many fibrils. 
The myelin (medullary) sheath is com- 
po.scd of fatty materia'V and is interrupted 
at short intervals (1 mm. or less) called 
mdes oj Ranvier. It is the myelin 
•sheath that gives whiteness to nerves 
a^d to nerve tracts in the spinal cord and 
brain; in its absence nerve tissue looks 
gray. 

"the neurilemma (nucleated sheath, 
primrtive sheath of Schwann) has a 
nucleus embedded in protoplasm between 
each node. If a 'fibre is pinched, the axis 
cylinder and the myelinated sheai;^ will 
rupture, but the neurilemma may re- 
main intact- Since regeneration of a 

• severed or ruptured nerve depends upon 
the presence of a neurilemma, -there can 
be no regeneration in the central, nervous 
system (i.e., brain and spinal cor(J) and 
optic nerve, because in them this sheath 
is wanting. 
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Nerve fibres are processes of nerve 
cells. A peripheral nerve fibre is the 
process of a cell whbse body is situated in 
the brain, spinal cord or related ganglia. 
Turn,* then, to the* spinal cord (spinal 
medulla). 

•The Spinal Cord lies within the ^ver- 
tebral canal. The vertebral canal (or a 
vertebral foramen), being c^bo small ‘to 



Fig. J2. The spinal cor(f endl^ it lumbai 
vertebra 1-2, the • subanchnoid at 

sacral vertebra 2 

admit a finger, the coid is- of ‘sinallcr diam- 
eter than a finger, but in length (18")«it 
equal^ the femur or the vas deferens 
The copJ is surrounded by 3 membranes: 
(1) the pia mater which, like a delicate 
skin, clings tenderly to the cord^ (2) the ’ 
arachnoid mater (Gk. = like a cobweb) 
which is- joined to the pia by threads and 
is fli^y, apd (3) the dura mater which 
is tough afUf fibrous, but is easily split 
longitudinally, owing to the direction 


of its fibres. The arachnoid mater is 
separated from the pia by a space, the 
subarachnoid space, filled with cerebro- 
spinal fluid ((J.Sp.F.). Thifi^fluid presses 
the arachnoid against the dura thereby 
obliterating a potential space, the sub- 
dural space. 

In the eipbryo the spinal cord extends 
down to the coccyx, but as development 
proceeds, owing to the greater growth of 
the vertebral column, it is drawn up-’ 
wards, so' that at birth it extends only 
to vertebra L. 3, and in the adult to the 
upper^part of L.2 (fig. 42). Flexing the 
column draws the cord temporarily 
higher. A strong, glistening thread, 
the Jiluni tayninale, largely composed of 
pia matoi, attaches tlic end of the cord 
to the back of the coccyx even in the 
adult 

A bro|td1band of pia, the lig. denticu- 
latum, project wS like a long lateral fin from 
oacli sid(^ 01 (he cord and hes between the 
vcnti al and doi sal nci ve root^ From the 
hee m.iigm of this ligament strong tooth- 
Iikc piocc'-scs, ojic tor each segment, pass 

to l]i(‘ duiH and tack do\Mi the arachnoid. 

• 

I)u‘ lijglic^t tooth or dens of each liga- 
ment j--* at (he level of the lorarneii 
magnum , (he lowest tooth varies in level 
from T 12 to L. 2 (I. B. Macdonald). 
Hence, the spinal coid within it^ water- 
bath IS fixed cramall}'' to the brain; 
caudalJy via *filum terminate to the 
coccyx and laterally via ligg denticulata 
to the*dura 

The spinal durh is free wuthin the verte- 
bral canal. It is however, adherent to 
the margin of the foramen magnum and 
is there continuous^ with the cranial dura. 
It is fixed caudally to the coccyx by the 
filum terminate winch, as it passes beyond 
th^j closed end of the dural sac, ficquires 
an adherent dural covering. The ventral 
and dorsal nerve roots likewise acquire 
adherent dural coverings — as a result the 
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nerves are twice as thick outside the dura 
as inside. 

The sensory nerve supply to the dura is 
from the meningeal twigs *of the spinal 
nerves. 

On flexing the spinal column ^ the spi- 
nous processes spread apart, the vertebml 
canal lengthens (up to 7 cnv), and thd 
dural sac stretches. In the cadaver, full 
fle.tion of the column exei ts' traction on 
the dural sac so that nerves L. l*and 2 
are drawn from 2 to 5 mm, tvithin the 
intervertebral foramina. L.3 is with- 
drawn less, and L. 4 negligibly. • f)n the 
other hand, ''straight-leg raising'' through 
15° to 30° exerts traction on the sciatic 
nerve ; 'through 60° to 80° it prtlls L. 5, 
S. 1, and S. 2 downwards tlirough 2 to 5 
mm., but tile effect on L. -1 is negligible. 
Inman and Saunders.) 

In the adult the subarachnoid and 
subdural spaces extend to the 'body of 
sacral vertebra 2. So, between L. 2 and 
S. 2 there is no cord, but instead there is 
the filum terminale; and the roote of the 
lower spinal nerves, which have been 
drawn upwards with the cord, loosely 
fill the space. ^ They are enclosed in the 
sac of^cerebro-spinal fluid, here somewhat 
dilated, and resemble a horse's tail, 
cauda equina. A hollow needle entering 
the subarachnoid space' to draw off C. 
Sp.. F. above L. ’ 2 may permanently 
damage the spinal cord;’ entering lower 
down it would merely push the nerves 
of the cauda equina apart. 

The cord, so protected in its cushion of 
fluid and so anchored, is seen on cross- 
section tp»have an H-shaped field of gray 
matter enveloped in ^ zone of white mat- 
ter. The anterior and posterior limbs 
of the H, called the anterior and- posterior 
horns or gray columns j divide • the white 
matter of each side into anterior, lateral, 
and posterior white columns. A groove in 
front, the aniero^median fissure, and a 


septum behind, the postero^median sep- 
tum, separate the right and left sides of 
white matter. * A*caifal, the central canal 
of the cord, which is obliterated in post- 
aiatal life, runs throifgh the gray matter. 

• Two continuous longitudinal rows of 
delicate nerve fila (L. filum = a thread), 
made lip of nerve fibres, are attached to 
each side b1f»the cord along the lines of 
the apices of the anterior and P9Sterior 
columns of gray matter. The fila of the 
anterior row converge laterally in groups 
of a dq^en ot so to form anterior nerve 
' roots, and the fila of the posterior row do 
likewise to form posterior nerve roots. 
•The respective interior and posterior 
roots pierce the diira about 2 mm. apart, 
one in front of the other — or rather they 
carry it before* them, as do the cranial 
nerves. They then continue laterally 
to the intervertebral foramina ^here 
each posterior root is swollen because it 
contains the cell bodies which make up a 
posterior root ganglion. Just beyond this, . 
the two roots unite and th^ir fibres mingle 
ta form a nerve trunk. This, after a few 
mm., divides into a Targe anterior and a 
small* -posterior ramus. The section of 
the cor4 from which the fila contributing 
*tq a root spring is called a segment. 
Since there are 31 pairs of spinal nerves, 
the cord is said to have 31 segments. 
But segm’entafion of the cord is inciden- 
tal^ — not fundamental— and in cases where 
one side of a vertebra fails to develop 
the corresponding fila group themselves 
with fila of the neighbouring roots. 

A Nerve Unit or neuron has Smarts: 
^1) -the cell body or cyton, (2) « process 
or de^ifron (or processes) which transmits 
impute^ to the cyton, and (3) a process 
or axon which transmits impulses from 
the cyton. An . entire neuron . may be 
microscopic in size; on the other hand, a 
process may be^ several feet long (e.g., a 
fibre of the sciatic nerve) . 
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A posterior nerve root transmits im- 
pulses to the cord; it is afferent or sensory. 
An interior nerve r6ot transmits impulses 
from the cord; it is efferent or motor, 
causing muscles to ‘contract. The cell 
bodies of the posterior root fibres lie in 
thb. posterior root ganglki. 'I'he Uen- 
drons conduct afferent impulses from 
endings in the skin, joints, «musclcs &c. 
to the ^cytons in the posterior root gan- 
glia; thence via the fila of the posterior 
root to the cord. Within the cord the 
fibres branch; some branches ascend in 
the cord, others descend, still others at 
once turn into the gray matter of the 
posterior horn ^vhe^e they synapse (i.e., 
make contact) with the dendrons of short 
connector (intercalated) cells whose axons 
in turn synapse with the dendrons of 
large multipolar cells in the anterior horn. 
Tjhe ^axons of these motor cells emerge 
in the anterior root fila aiuLend in motor 
end-plates of voluntary muscles. 

These neurons —afferent, connector, 
and efferent— constitute a simple spinal 
reflex arc. On its integrity dei)ends 
muscle tone. The arc functions thus: 
if one’s finger is touched, even <hiring 
sleep, one'mo\es it; if it is pricked cr 
burnt one withdraws the limb In tin- 
one case a simple reflex arc i-, iu\okf*(J; 
in the other, afferent impnbe- « spread 
more widely, even to the opp'o^itc side 
of the body, perhajis aroii‘»ing conscious- 
ness, due to the ascending and descend- 
ing and crossing fibres bywhich impulses 
spread to other parts of the cord and U) 
the brain. 

The a^-ca of distribution of a severed 
artery can, if the anastomosis is ample, 
be taken over by other arteries. Not so • 
with nerves-; just as cutting a telephone 
wire isolates a house, so cutting a motor 
nerve jsolatcs the muscle fibres supplied 
by it, and tlJ^ die. Regeneration, wdth 


restoration of function, however, may 
take place. 

Nerve Plexuses. Anterior nerve rami 
and the branches of anterioB nerve rami 
communicate with adjacent rami and 
branches to form plexuses, thereby widen- 
ing the influence of the individual seg- 



Fig. Vj (Left). Undissccted, (Right) Dis- 
sected. Two branches of a nerve dissected 
proximaJly. 


ments of the spinal cord. Close to the 
vertebral column the anterior rami of 
nerves C. 1-4 forn\ the cervical plexus, 
those of C. 5-Th.] the brachial, plexus, 
L,l-4 tbc lumbar plexus, L.4 — S.4 the 
sacral plexus, and S.4 -Co. 1. the coccygeal 
plexus. 

Nerves ^ana^tomose more peripherally 
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also, e.g., the musculocutaneous and 
median usually communicate in the arm; 
the median and ulnar cogimunicate in 
the upper part of the forearm, super- 
ficially in the palm, and again deep in 
the palm under cover of the thenar mus- 
cles. Cutaneous nerves communicifte 
freely with adjacent nerves and overlap 
them with the result that severing a 
cutaneous nerve diminishes' sensation 
in its territory without as a rule abolish- 
ing it. Peripheral nerves are themselves 
plexuses: their fibres do not run parallel 
courses but are plaited, not unlike the 
tendon fibres in figure 3 1 -A. The branch 
of a nerve is usually bound to the parent 
stem for between Y and 2\" by areolar 
tissue, and the level at which it leaves the 
parent stem varies within this range. 
Proximal to this, the strapds of the 
branch fake part in the plait, and 
attempts to free the branch more proxi- 
mally lead to its destruction {jm. , 

Axiom. If the. individual motor 
nerves, supplying a group of muscles 
developed from a common muscle mass, 
are traced proximally up the parent 
stem, they will, be found to form a single 
bundle. This bundle can be traced but a 
short distance before its fibres separate 
and become plaited with the fibres of the 
parent stem (e.g., the nerves to the 
Gastrocnemius, Soleus and Plantaris 
spring from a common bundle, but the 
nerve to the Poplitcus does not spring 
from this bundle, for the reason that the 
Popliteus is not related to these 3 nruscles 
morphologically, although it chances to 
be closely related to them topographi- 
cally). ; 

Blood- Supply. The peripheral nerves 


are supplied by a succession of anastomos- 
ing nutrient vessels, arteriac nervorum^ 
derived from the nearest arteries wbich 
are seldom more than to away. In 
•numb(*r, size, and origin they are^neon- 

• slant. Thus, occasionally the median 
ner/e may T^ceive no artery betwven 
axilla and elbow, the einailation being 
maintained 4)y a large intraneural de- 
scending ve.ssed which enters it .at -the 
axilla; but, when tlie supply vessels are 
small, they aie lU'cessarily numerous. ( )n 
reaching a iKuwe the ai'tery UMially di- 
vides into ascending and descending 
branclies which by anastomosing from 

• longitudinal chains near the surface of the 
nerve /epiiuairaH and betwecni lh(‘ nerve 
bundl(*s finteifasf-icular). From these, 
fm(‘r brancli(‘s pass into the neive bundles 
(intrafascicular) when' the.^ form a move 
oi‘ less ()l)long ufdw’ork that runs through- 
out the lengtlf of tlu' nerv('. 

Th(' veins, rr/aa noronim, have an 
iiitraiK'ural pattern similar to that of tlie * 
arteries. Soitk* ol tlu' \H*ins troin the 
cu-taiK'ous. iK'rves end in tlie cutaneous 
veins, but most of them pierce the deep 
fascia** and end in muscle veins. 'Fhe 
vfins of. (ho deep iioivcs end oifhcr in 
muhclo vein^ or in the venou^ plexu> 
ai>ound an artc'iy. (Sunderland.) 

Distilbutioa^ In .describing the dis- 
tribution .of a peripheral nerve (a) the 
muscles, (b) cutaneous areas, (c) articu- 
lations, and (d) blood vessels it supplies 
should be given, and (e) common vari- 
ations remembered. Muscular branches 
are rjcmarkabl}" constant; cutaneous 
Ifrailches are variable, and about fhe hand 
and foot the variations are of consider- 
able clinical importance (fig. . 9 . 7 ). 



CHAPTER 2 


THE DIGESTIVE SYSTEM 

' „ . . 'o 

Animals, like plants, absorb their food 
in fluid form. In order that -solid food 
shall become fluid, preparatory to being 
taken into the blood stream, it must un- 
detgo certain mechanical and chemical 
changes. The parts of the body set 
aside for this purpose are known as the 
digestive or alimentary system. This 
is essentially (1) a long hollow tube, the 
alimentary canal, through which food is 
propelled, and (2) certain accessory 
glands (fig. U)- 

The alimentary canal begins at the 
li'ps, traverses the neck, thorax, abdomen 
and pelvis, and ends at the anus. Its 
successive parts are: the mouth, pharynx, 
oesophagus, stomach, small intestine 
(subdivided into duodenum, jejunum,and 
ileum) and large intestine (subdivided 
into appendix, caecum, colon, rectum, 
and anal canal). The accessory ^glands 
are: the salivary glands (parotid, suJj- 
mandibular, and .sublingual), the liver 
and pancreas. As.sociatcd »vitli tlie.-o is 
the spleen. 

The Mouth. To sin\ive, animals 
must eat. And, in search for food, they 
advance, mouth-end foremost. Acojund 
the mouth the organs of special .sense are 
developed: the eyes to* locate food by 
sight, the nose by smell, and the lips and 
tongt»e ^y touch. When the food is in 
the mouth, the taste buds decide if it is 
good, in which case it is swallowed; if 
not, it in. rejected. The ears advise if 
there is .sound of danger, when safety 
may be soviight in flight. Hence, the 
brain tstaiiUlfaes itself at the mouth end 

t 

of the body. 


The mouth or buccal cavity is bounded 
externally by the lips and cheeks. The 
■ cleft between the upper and lower lips 
is the aperture of the mouth or oral fissure. 
The keth gre arranged in the form of .an 
upper, and a lower dental arcade, 16 in 
each arcade, and are set in the upper jaw 
or maxillae and lower jaw or mandible. 
The horseshoe-shaped space between 
the lips and cheeks externally and the 
teeth and gums internally is the vesti- 
bule of the mouth. The space bounded 
externally by the teeth and gums is the 
moxdh proper. From the floor of the 
mouth rises the tongue-, the roof com 
prises the /.ard and soft palates and the 
median finger-like process, the uvula 
in which the soft palate ends. 

From near the posterior free border of 
the soft palate two folds descend on each 
side. The anterior fold, the palato- 
glossal arch, descends to the side of the 
tongue at (he junction of its anterior 
I and posterior f. The*posterior fold, 
the palato-pharyngeal arch, descends on 
the side Avail of the pharynx. The tri- 
angular space between the two arches 
and the side of the tongue is occupied 
by the jmlatine tonsil. {Fig. 725.) 

The mouth is limited posteriorly by 
the posterior free border of the soft pal- 
ate, the palatOTglossal arches, and a 
V-shaped groove, the sulcus terminalis, 
that crosses the dOrsura of the tongue 
betAveen tfie right and left palato-glossal 
arches. The tonsils and the posterior 
third of the tongue are, therefore, situ- 
ated behind the mouth in the oral part 
of the pharynx. 

Mastication. It is the duty of the 
incisor teeth (L. incidere =» to cut) to bite 
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off pieces of food, and of the molar teeth 
(L. mola = a millstone) to grind them. 
One duty of the tongue is to supply the 
molars with^food from the ftiouth proper; 
such food as falls into the vestibule is 



returned to the molars by the lips and 
cheeks. ^ The food is commonly coarse; 
so, the mouth requires a protective lining. 
It is lined with stratified squapious epi- 
thelium, resembling epidermis but lack- 
ing a stratum granulosum and stratum 
lucidum; gnd the surface cells, though 


flattened, retain their nuclei and do not 
comify. The epithelium is lubricated 
and kept moisf by the mucous and serous 
secretions of small, ‘'pin head^', racemose 
glands that cover •the palate, lips and 
^ cheeks These glands do for this epi- 
thetfum what sebaceous and sweat glands 
do for -the epidermis; they are aided by 
the secretiftps of the *3 paired salivary 
glands (parotid, submandibular, sublin- 
gual). 

The Parotid Gland (Gk. para ’ = 
beside ;jeus (etos) = the ear) lies below 

• the ear in the space between the ramus 
of the jaw and the mastoid process; its 

. duct opens into^ the vestibule of the 
mouth beside the 2nd upper molar tooth. 
The Submandibular (Submaxillary) 
Gland lies under shelter of the body of 
the mandible; its duct opens on to a 
papilla beside its fellow,* behind^ tfie 
lower iiici‘=5or, teeth On opening your 
mouth and laising the tip of the tongue, 
water secretion may be seen welling , 
up from the orifices Each Sublingual 
Gland produces a ridge on the side of 
the floor of the mouth beneath the 
tongu/s; it has many fine ducts which 
open on to the ndgc. {Figs, '622, 73 i) 

• The salivary glands have a mucous 
secretion or a serous secretion or both; 
the serous secretion (ptyalin) digests 
free starch, but cannot break down cellu- 
lose. The saliva moistens the food 
which has been ground into small par- 
ticles by the teeth. This the tongue 
rplls into a bolus or lubricated mass 
easily swallowed — dry food is swallowed 
iptb difficulty. Saliva keeps lips 
and mouth pliable in speaking. It also 
aids in the healing of wounds (e.g., a 
bitten tongue or the empty socket of an 
extracted tooth heals readily). The 
amount secreted is about 1 litre daily. 

The Nerves, of general sensation for 
the roof of the mouth and upper teeth 
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are derived from the maxillary nerve, 
and for the floor of the mouth, anterior 
I of the tongue and lower teeth from the 
mandibular nerve. The facial nerve 
(via the pars intermedia) carries secre- 
tory fibres to the submandibular and 
sublingual glands and assists the gK)sso- 
pharyngeal nerve to supply the parotid 
gland. • ^ ' 

Sucking. Place a finger in your 
mouth' and, while sucking it, n'ote that 
your lips grasp it, that a groove forms 
along the middle of the tongue, and that 
the tongue recedes from the palate, 
thereby creating a vacuum. Note also 
that, while sucking fluid through a straw, 
you can breathe in and out through the 
nose. This is possible, since the Palato- 
glossi shut the mouth off from the 
pharynx. A child with a cleft palate 
cfannot suck* effectively, because air, 
drawn in through the cleft, prevents the 
formation of a vacuum within the 
mouth. 

Swallowing. While food is in the 
mouth, it is under voluntary control, 
but when it enters the pharynx this 
control is lost and it is propelled oipvards 
through the oesophagus to the stoma(;li, 
w'here digestion begins. During* the act* 
of swallowing, the pharyngeaj wall con- 
tracts on the soft palate which /ises to 
meet it, thereby shutting off -the naso- 
pharynx (region above the soft palate). 
Hence, breathing is suspended .tem- 
porarily and food cannot be forced into 
the naso-pharynx. • ^ 

The Pharynx and Oesophagus are 
merd^ j>assages and, like the moitth^ aj-e 
protected by stratified squamous epi- 
thelium. The piuscle coat of the 
pharynx and upper half of the' oesoph- 
agus, though voluntary in structure, is 
not under voluntary control; in the lower . 
half <5F thii^lbesophagus (and onwards to 
the anus) it is involuntary or smooth. 


In the pharynx the musele coat has 
3 overlapping layers, the constrictors 
(Jig- OVO), In the oesophagus (and on- 
wards to the anus) the muscle coat has 
2 layers: an inner circular and an outer 
longitudinal. Throughout the oesoph- 
agus (and onwards to the anus) the mus- 
‘ -cle coat is separated from the* epithelial 
lining by a thick tunic of areolar tissue. 
This is split into an inner and an outer 
part by a thin layer of smooth muscle, 
the lamirpa muscularis mucosae: (a) the 
inner part, called the lamina propria^ 
with the epithelial lining and the lamina 
muscularis mucosae constitute the mu- 
cous membrane or mucosa] (b) the outer 
part is - called the submucous *coat or 
suhmucosa. The oesophagus and duo- 
denum are ])eciiliar in possessing branch- 
ing (racemose) glands in their submucous 
coats. ^ 

The Stomach lies in the abdomen and, 
being a receptacle for food and requiring 
lo expand, to contract and to move 
about, it posse^^es A serous (peritoneal) 
coat, siich as the relatively inexpansible 
pharynx and oe.sophagus do not require. 
It thus possf's^ses the same 3 coats as the 
ocsopliagus (mucous submucous mus- 
cular) plus a serous coat— as do ?he in- 
testines al^o. The lining epithelium is a 
single layer of clear, columnar cells which 
(though not goblet cells) secrete a protec- 
tive mucus. About 3,000,000 test-tube- 
like glands, with ends bent (L-shaped), 
pervaeje the lamina propria and open at 
the apices of conical evaginations of the 
mucous coat. The peripheral, parietal, 
cells of the glands" secrete hydrochloric 
acid which is necessary to the‘ action of 
the pepsin secreteH by the remaining, 
central, cells. Pepsin initiates the diges- 
tion of proteins. The outlet of the stom- 
act, the pylorus (Gk. = a gatekeeper) 
is guarded by a strong sphincter of cir- 
cular fibres. Absorption is not a notable 
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feature of the stomach, though alcohol, lamina muscularis mucosae. This ex- 
sugar and water are to some extent ab- tends throughout the gut, applied to 
sorbed. {Fig^, 21(), 2 “>9.) the submucous ?Joat! Between the epi- 

The Intestine or gut is* divisible into thelium internally and the muscularis 
two parts: (1) the small intestine, about • mucosae cxternallj^ there is a thick 
20 feet long, and (2) the large intestine,, layer of special connective tissue, the 
about 6 feet long. • ‘ lariina propriaj in which lymphocytes 

Structure. The intestipe has foilr are diffused. Straight test-tube-like 
coats (a) serous and subserous, (b) evaginatioha of the epithelial surface, the 
nmiscular, (c) submucous and (d) mu- intestinal glands (crypts of Lieb§rkuhn), 
cous. The serous or peritoneal coat over- project outwards into the propria; these 
lies a fine, subserous layer irt which fat are closely packed together and are lined 
may appear, fis in the appendices epi- chiefly, by ^columnar and goblet cells. 
ploicae of the large gut. T\vr* muscle* Finger-like processes of the propria, the 
coat consists of two tubes, an outer thin villi^ 0.5 to 1.5 mm. long and covered 
longitudinal and an inner thick circular, • with columnar gind goblet cells, project 
separated from each other by enough freely into the lumen of the gut. These 
areolar tissue to allow each tube some villi extend throughout the small gut, 
independent movement. The longitu- from pylorus lo ileo-colic valve, but in 
dinal muscle forms a complete coat for the foetus they are present in the large 
the small gut and for the e*xtreme ends gut also. Running down* the middle *of 
•of the large gut (appendix and anal each villus ihere is a lymph vessel, a 
canal), but in the caecum and colon it is lacteal; at one end it is blind; at the other 
disposed in three equally spaced ban&s it opens into the lymph plexus of tho 
or taeniae, each af30ut -J" wide^ and it mucosa. Wisps of muscle, derived from 
clothes the rectimi completely in front tfie muscularis mucosae, ensheath the 
and behind, but meagrely at the sides, lacteal, and around the sheath is a plexus 
The circular muscle is complete through- of blood capillaries, 
out the small and large guts. *As at the • Functions. The structiil'e of the 
outlet of the stomach (pylorus) so at the * mucous membrane of the gut is related 
outlet of the intestine (anal canal) the to its functions. Thus, the partially 
circular muscle is thickened to form an digested food leaving the stomach is 
involuntary sphincter, the sphincter ani mixed with hydrochloric acid and pepsin, 
internus. The submucous coat is areolar is ’fluid, and is relatively free from bac- 
and strong. In it the main vessels and teria. In the upper part of the small gut 
nerves run; on it - not on the. muscle (3" beyond the pylorus) the ferments of 
coats — the strength of the gut depends; ^e pancreas and the bile are added to the 
in fact, it is from this coat that catgut intestinal ferments. Here digestif con- 
(violin sjjings and surgical sutures) is tinues and absorption of water and 
made. The mucous ^oat throughout the digested products begins. These proces- 
entire gut is lined with a single layer of ses are most active in the duodenum and 
columnar cells whose borders are longi- they diminish as the large- gut is ap- 
tudinajly striated, and between these, are proached. The essential function of the 
numerous goblet cells. In the outer large gut is to dehydrate the injestinal 
part of the mucous coat \her^ is a thin contents; the .bacteria present break 
layer or .tube of smooth muscle, the down cellulose. 
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Accordingly, the mucous surface of 
the small gut is enormously increased by 
permanent folds of'muCods membrane, 
the plicae circularcs, which run circularly 
• (actual^y spirally) fdr short distances. 
These begin 1 or 2 inches beyond the 
pylbnis, are closely packed,- and abotfc 6 
mm. high. Gradually they become fewer 
and lower, and finally disappepi kbout the 
lower part of the ileum. (Fig. 279.) 

As the distance from the entrance of 
the pancreatic juices and the bile in- 
creases (a) the intestinal contents be- 
‘ come less fluid and their progress more 
slow; hence, in the large gut more lubri- 
cating mucus being required, goblet cells 
are more plentiful; and (b) the antiseptic 
properties of the ferments become 
weaker; hence, the lymphocytes, which 
everywhere pervade the lamina propria, 
also accumulate in solitary nodules y 1-2 
mrn. in diameter; these are plentiful in 
the ileum and numerous in the colon. 
Large accumulations of lymphocytes, 
aggregated nodules (PeycFs patches)^ 
about Y wide by to 2" long occur 
within the ileum al the antimesentcrio 
border; some of these hoi's! througii the 
muscularis * mucasac and, by enlarging 
on its submucous aspect, acquire a collar- 
stud shape. 

The ileo-colic valve (ilco-cac(‘al valve). 
In the last few inches of the ileum, the 
circular muscle, though not thickene'H, 
behaves as a sphincter retarding the- too 
rapid emptying of the small gut. The 
end of the sphincter pouts into the caer 
cum and, when the caecum is distended, 
has an capper lip .which overhangs a 
lower lip and apparently .directs the 
emitted contents downwards into the 
caecum.. From each of the two com-, 
missures .of the lips a .mucous fold, a 
frenulum, ext|«ids transversely round the 
gut. * ^ 

The mucous coat of the appendix is 


practically a continuous series of solitary 
nodules, hence the appendix has been 
called the “intestinal tonsi^^ In dis- 
secting room' subjects the, lumen is 
r commonly partly occluded and so cannot 
be injected. 

Around the anal canal there are two 
sphincters: (1) involuntary, consisting 
of a thickening of the circular muscle, 
and (2) voluntary, consisting of skeleted 
muscle. 

Nerve Supply. The intestinal canal 
is supplied by sympathetic and para- 
sjonpathctic nerves. These take part 
in two plexuses (1) the plexus of Auer- 
bach, placed between the longitudinal 
and circular layers of the muscle* coat, 
and (2) the plexus of Meissner, placed 
within the submucous coat. The sym- 
pathetic nerves are connected with seg- 
ments Th. 6 10 L.3; the parasympathetic 
nerves supplying parts cranial to the left* 
colic flexure are derived from the vagus 
nerves; those to parts caudal to the 
flexure are derived from the pelvic 
splanchnic nerves (fig. 70/^). The 
nerves reach the intestine with the blood 
vessels. The stomach is supplied in a 
similar wUy. The stomach and intes- 
' tines continue to function even after the 
nerves arc divided. 

The Liver 

The liver is the largest organ in the 
body. Attached to its under surface is 
the gall, bladder; this extends backwards 
to a transverse fisfture, the porta hepatis, 
through which the hepatic ducts conduct 
bile from the liver and through which 
the portal vein (conducting blood laden 
with products of digestion) and the 
hepatic qriery (conducting oxygenated 
blood) enticr the liver. After the^ blood 
has circulated through the liver, it leaves 
the posterior surface via the hepatic 
veins to enter the inferior ven^ cava. 
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The liver is a gland of compound tubu- 
lar design. The cells of the tubules 
elaborate an exocrine {external) eecreiion^ 
called bile, into the tiny lumina of the 
tubules. Each tubule, called a hile 
capillary or canaliculusy is really a con- 
tinuous sejies of minute spaces betweeh 
two contiguous rows of liver. cells. At* 
the periphery of the lobule it drains into 
a ^stem of ducts, the hile ‘ passages, 
which communicate with the gall T^lad- 
der and with the duodenum *0?^. 254 
and p. 247). 

These same liver cells also elAborate 
an endocrine {internal) secretion. This 
is possible, since the surfaces of the cells 
not forming canaliculi are in ap^josition 
with blood capillaries. These are not 
simple capillaries but sinusoids (p. 37). 
Helping to line the sinusoids |ire phago- 
cytic cells, Kupffer's cells, which, like 
similar cells in the spleen and bone 
marrow (reticulo-endothelial cells), help^ 
to dispose of effetp red blood cells. 
From these they make bile pigment 
(bilirubin) which they turn over to the 
liver cells for disposal. 

The tubules ,(cords of cells) and the 
sinuso^is lying between them are ar- 
ranged in, polyhedral prisms, called 
lobules. These are 1-2 mm. irt diameter 
and are somewhat longer than they are 
wide {fig. 4^). Through^ the centre of 
each lobule nins a vein, the central vein. 
The cords of cells and the sinusoids radi- 
ate from the central vein to the periphery 
of the lobule which, though not conspicu- 
ous in man, is clearly;outlined in the pig 
by conneative tii^ue septa. 

The BLOOjh Flow through the 
Liver. -The brtoches of the portal vein 
spread out between the lobules as inters 
lobular veins. Thence srnusoidaeohverge 
on the central vein. The central veins ’ 
drain into sublobular veins which unite to 
form hepatic which open into the 


i. vena cava. Small branches of the 
hepatic artery accompany the portal and 
interlobular vems* ndbrish the areolar 
sheaths and end in the sinusoids. 

• The hile passages Conduct bile in the 
reverse direction (i.e., towards the porta). 
Lym^h vessels run both with the portAl 
vein and the hepatic veins. 


HtPATlC A PORTAL V BILE DUCTULE 



Fig. 45. Diagram of the blood flow through 
two lobufes of tly liver, and of the course of 
the bile. 

Functions. As the blood moves lei- 
surely through -the sinusoids, the liver 
cells elaborate bile. They also regulate 
the amount of sugar (glucose) in the 
blood by removing the excess laffer a 
meal and temporarily storing it as glyco- 
gen. They also store- vitamin A. They 
elaborate urea which the kidneys dispose 
of, also fibrinogen and heparin. The 
Kupffer cells are concerned with jesist- 
ance to disease and with immunity, also 
with the destniction of effete red blood 
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cells and with the formation of bile 
pigment. 

The Pancreas 

The pancreiis (Gk. pan = all; kreas ^ 
flesh), called the sweetbread in animals,- 
Has smooth polyhedral -surface Jbreas, 
each about 1 cm. in diameter, called 
lobuleSj separated from each other by 
fine ajreolar septa (fig, 2(11), It has an 
exocrine (external) and an endocrine 
(internal) secretion. Tlie exocrine secre- 
tion is drained into the dhodenJim by a 
‘‘herring-bone’’ duct system; that is, a’ 
large main duct runs through the gland 
and receives many fine ducts, but there? 
ace no ducts of intermediate size, -a dis- 
tinguishing feature of the pancreas. The 
endocrine secretion enters the capillaries. 
Unlike the liver, where the same cells 
make both the exocrine and the endo- 
crine secretions, here ther3 is a division 
of labour. 

The exocrine secretion is formed by 
pyramidal cells grouped around central 
lumina to form acini. It is the precursor 
of several ferments which act upon carbo- 
hydrates, proteins, and fats. Its’^libcra- 
tionds under the control of a hormofte, 
secretin, which is formed in the duodenaf 
mucosa when the acid contents of tJie 
stomach flow over it. Secretin is ab- 
sorbed into the blood stream and^ so 
passes by a round-about way to the 
acinar cells and provokes them to secl*ete. 
Stimulation of the vagii^, however, also 
provokes them to secrete. • 

T^ endocrine secretion is formed by 
cluster^of cells, the islets of Langerhans, 
varying greatly in size -and number 
(200,000-1,700,000) and pro viewed with 
an extensive capillary blood supply. 
These irianufacture insulin, a hormone 
concepied^with carbohydrate metabolism 
and empl?fyed in the control of diabetes. 


The Spleen 

The spleen is described here for con- 
venience,- but its associat^pn with the 
digestive system is incidental. It is a 
soft sponge filled with blood, about the 
size of a clenched fist, and coloured 
• like the liver (fig, 261), It Ss covered 
with 'peritoneum, except at the hilum 
where vessels and nerves enter it, and it 
is free to move. It has a dense areolar 
capsule containing white fibres, elastic 
fibres and smooth muscle fibres which 
allow. U; to expand and contract. Sup- 
porting trabeculae of the same materials 
spread inwards from the capsule, and in 
them run branches of the splenic artery 
and vein. The spaces between the 
trabeculae contain a supporting sponge- 
work of reticular fibres and reticulo- 
endothelial cells. Long attenuated ar- 
teries pass from the trabecular arteries 
into the spongework which here and there 
is condensed around them in spindles or 
•in spheres less than' 1 mm. in diameter. 
These contain loosely imprisoned lym- 
phocytes, and are called Malpighian 
bodies. The Malpighian bodies consti- 
tute tlic? white pulp of the spleen. The 
remainder of the spongework contains 
many red^cells, and so is called the red 
pulp. Dilated channels, termed sinu- 
soids, permeate the red pulp and unite 
the arteries in the spongework to the 
trabecular veins. 

Thij Blood Flow through the 
Spleen. Regarding this there arc sev- 
eral views. A modern view is that two 
different sets of channels connect the ar- 
teries in the spongework to the veins in 
the trabeculae (1) directly by capillaries 
controlled by sphincters at their en- 
trances and (2) by sinusoids which have 
sphincters at their entrances and exits. 
When an /entrance sphincter of a sinusoid 
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is open and an exit sphincter closed, blood 
plasma filters through the wall of the 
sinus into the pulp and the sinus becomes 
distended with blood ceMs; when both 
an entrance and an exit sphincter are 
open, the cells are swept on into the gen- 
eral circulation. About one sixth of Jthe 
total v(?lume of blood in the body can 
thus be stored in the spleen, which 
accordingly varies greatly ia size. 

Function. The white pulp produces 
lymphocytes; the sinuses atore blood 
cells; the reticulo-endothelial cells break 
down the haemoglobin of effete, i;ed cells, 
and in so doing produce bile pigment, 
they also rid the blood of other debris, 
including probably effete blood-platelets 
and they are concerned with resistance 
to disease and vAth immunity. 

The spleen is the largest of the lym- 
phocyte producing organif, the chief 
.depot of reticulo-endothelial cells, and 
the main storehouse of blood. It is not 
essential to life; in fact, in certain condi- 
tions it is advisable to remove it. 

THE RESPIRATORY SYSTEM 

Respiration is a chemical reaction Es- 
sential to life,^it involves the tapking up of 
oxygtn and giving off of carbon dioxide. • 
In unicellular organisms thi^ interchange 
of gases (O 2 and CO 2 ) takes place directly 
between, the cell and the medium (which 
in ’all cases is water) in which the cell 
lives. But in a large multicellular or- 
ganism, such as man, all cells, except the 
external ones, being removed from the 
surrounding medium (in this case air), 
require that the ox.fgen shall be brought 
to them* from the exterior and that the 
carbon dioxide sliafl in turn be taken 
away. The transfer is made in two 
stages : the first stage is from the exterior 
via the air passages to the lungs, wliicb 
act as a halfway house ; the second stage 


is via the bloodstream to the watery me- 
dium (tissue fluids) which bathes the 
cells. Two systems, •then, the respiratory 
and the circulatory, are here allied in the 
common purpose of permitting the indi- 
vidual cells to breathe (exchange gases) 
lilv# unicellular organisms. The lungs»are 
sponges filled with air; their septa being 
thin, moist ,^and membranous, allow trans- 
fusion of gases in solution. Being re- 
moved' from the .surface of the laxly they 



Fig. 46. Diagram of the respiratory system. 

• 

are, in a measure,* protected from me- 
cHanical’ injury and from desiccation; 
moreover, the aii* reaching them is warmed 
and moistened by the air passages. 

^ The respiratory system is develop- 
ment ally an offshoot from the digestive 
^yateln. The urinary and genital Systems 
also are closely allied. Of these 4 tubular 
systems, the respiratory and digestive 
.have absorptive functions;- the urinary 
and genital have not — they -^ire excre- 
tory. The walls of the digestive and 
respiratory pas^f^ages, being thus exposed 
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to germs from without, are protected by a 
barrier of lymphocytes, siicli as the uri- 
nary and genital passages do not possess. 
The digestive s 3 ’'stera absorbs food; the 
respiratory s^'stem absorbs ox3^gen, the, 
absorption taking place in the alveoli of the 
lungs. The products of digestion andthe 
oxygen (which combines loosely with the 
haemoglobin pigment in tl\e' red blo6d 
cells to form oxyhaemoglobin) are con- 
ve 3 "ed by the blood to the tissues of the 
l)od 3 " where the products of digestion arc 
oxidised and onerg 3 ^ thereby released. 
The carbon dioxide, formed in the process, 
returns in the bhxKl to the lungs and is 
there eliminated. 

The respiratory s 3 ^stem has two por- 
tions: (1) conducting, (2) respiratory. 
The conducting portioUj dr air passages, 
comprises: — the nasal cavities, pharynx, 
larynx, trache'a, bronchi, and bronchioli; 
the respiratory portion co^iiprises : — the 
alveolar sacs and aheoli of the lungs 
Sjig- oo9). 

The Nasal Cavities, a right and a left, 
are separated from eacii other by a thin 
median partition, the 7iasal septum. The 
entrance to each ca\it 3 ^ called, the 
vestibule, is lined with skin which beav's 
hairs, sebaceous glands, and sweat glands, • 
From the side wall of each cavit 3 " tiirce 
downwardh" cui vcd slieh'cs, I hr superior, 
middle, and inferior VeA?c/?tir (turbinals), 
conceal three antero-po.‘5tr?iorl\"‘ running 
passages, the superior, middle, and infe- 
rior meatuses. Opening into the inferior 
meatus is the tear duct (naso-lacrim^l 
duct); opening into the other meatuses 
are the orifices of large air sinuses (aip 
cells). These sinuses invade the sur- 
rounding bones causing them to be large 
enough to carry 8 upper teeth on each 
side and yet remain light. The mucous 
membrane lining the nasal cavities and 
air sinuses is almost inseparable from the 
periosteum; hence, the two collectively 


are called muco-periosieum. * The muco- 
periosteum covering the inferior concha, 
and to a lesser extent that covering the 
middle conch^l, contains dila^table venous 
sinuses which warm and humidify the in- 
' haled air. The inuco-periosteum has a 
covering of stratified ciliated epithelium 
v/ith scattered goblet cells, and*^in it are 
mucous and serous glands, diffuse lymph- 
oid tissue, and l 3 nnphoid follicles. TJae 
mucus ocatches inhaled dust and bacteria, 
and acts as a sterilising agent. The cilia 
waft the mucus, and the foreign matter 
• entangled in it, backwards to the 
pharynx. The uppermost part (2 square 
cm. in each nasal cavity) of the medial 
and lateral walls is the olfactory area. 
Here the olfactory nerves, which stream 
through the thin perforated roof, cribri- 
form plate, of the nasal cavity, end freely 
among the Epithelial cells. This area is 
much more extensive in certain lower 
animals, such as the dog. The olfactory 
al'ea is above the level reached by the air 
passing to and from the lungs, but eddies 
of air can be made to circulate here on 
sniffing, so that weaker stimuli may be 
aj^preciated. The anterior nasal aperture 
of each side is oval, mobile, bounded by 
soft parts (so it can dilate on taking a 
deep breath) and downwardly directed. 
The posterior nasal aperture of each side 
is oblong, rigid, bounded by four bony 
margins, and directed backwards towards 
the naso-pharynx {fig. 725) and it is func- 
tionally continuous with the latter. 

The Pharynx is a fibro-muscular cham- 
ber, 5 inches long. It is attached above 
to the base of the skull; it lies in front of 
the upper six cervical vertebrae; and it is 
continuous below with the oesophagus. 
Cpmmurucating with it in front are the 
nasal cavities, mouth, and larynx. Ac- 
cordingly, it is divisible into 3 parts (up- 
per, middle, and lower), called the nasal, 
oral, and laryngeal parts respectively. 
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The nasal part or naso-pharynx is the 
backward extension of the nasal* cavities, 
and it cannot be shut off from these cavi- 
ties, but it^can be, and i^ shut off from 
the oral part by the soft palate and uvula 
during the act of swallowing. Were it, 
not so, food would be forced from 4;he 
oral part into nasal part and so to the 
nasal cavities — a person with a paralysed 
sQft palate (e.g., after dipthcria) may 
find this happen. 

An air duct, the pharyn^oAympanic 
tube (auditory or Eustachian tube) opens 
by a funnel-shaped orifice on to •each side« 
of the naso-phar 3 mx. Each tube is 
li" long, and, by bringing the pharynx 
into c'ommunication with the •tympanic 
cavity (middle ear) of the corresponding 
side, serves to keep the air pressure on the 
two sides of the tympanic membrane 
(ear drum) equal under chaftging atmos- 
•pheric conditions. Normally the tubes 
are closed, but the act of swallowing 
opens them; hence, persons ascending or 
descending heights* as in an aeroplane, 
find relief through performing the move- 
meift of swallowing. The tubes also 
allow infection to spread from the naso- 
pharynx to tfie middle ear an\i beyond 
it to* the air cells in the mastoid bone 
{fig- 758). The orifice of ihe tube is 
directed forwards towards the nasal 
cavity; so, fluid syringed along the cavity 
may enter the tube and carry infection 
to the middle ear. 

A collection of lymphoid tissue, the 
pharyngeal tonsil, lies* in the posterior 
wall of the naso-pharynx and extends lat- 
erally behind the orifices of the tubes. 
When enlarged, this tonsil is* referred to 
as “adenoids”. By obstructing the free 
flow of air through the naso-pharyrvc, 
adenoids cause mouth-breathing and col- 
l^se of the anterior nasal apertures.* 
They may also obstruct the’ tut^s, thereby 
preventing access- of air to the middle 


ear with resulting indrawing of the ear 
drums and deafness. {Fig. 74^5.) ^ 

On each sidfe oT th(? entrance to the oral 
pharynx, and visible from the mouth, is a 
^mass of lymphoid • tissue, the swe and 
, shape of half a walnut, called ^Hhe tonsiV 
' or #lhe palatine tonsil. Its upper .{Jole 
extends upwards from the side of the 
tongue int6.the soft palate ; its lower pole 
cannot be seen unless the tongue is; de- 
pressed. 

The nasal part of the pharynx is, then, 
part oJ^ the nespiratory passage ; the oral 
part and the upper half of the laryngeal 
part are common to the respiratory and 
digestive passages. 

The Lar3mx dr voice box opens into^the 
lowest part of the pharynx and is con- 
tinuous below’ with the trachea. This 
box is kept rigid by a number of hyaline 
and elastic cartilages whicli are united 6y 
membranes. • It is lined with mucous 
membrane internally and covered with 
voluntary muscles externally. * • 

The chief cartilages of Jthe larynx are : 

(a) The thyroid cartilage which resembles 
an angular shield, haS two perpendicular 
laminae which meet in front in the median 
plane, the prominent upper fend of the 

• angle of meeting being conspicuous as the 
laryngeal • prominence (Adames apple ) . 
The posterior borders of the laminae are 
free and rounfled, and below they grip 
anh articulate with the cricoid cartilage 
as the Icnees of a horseman grip a saddle. 

(b) The cricoid cartilage is a complete ring 
expanded posteriorly into a lamina or 
plate and so resembles a signet r^ng; it 
keeps the lower part of the larynx per- 
petually open, (c) The arytenoid carti- 
lages are paired, small, and pyramidal; 
their bases articulate with the upper bor- 
der of the lamina of the .cricoid, each 
articulation being capable of the joaove- 
ments of a universal (ball & socket) joint, 
such as the hip and shoulder. The vocal 
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cords oxtciul from half way down tho angle 
bel we(*n the laminae of tJie th 3 Toid (o the 
anterior tips (vocal processes) of the 
arytenoid cartilages. When the ary- 
tenoids rotate medially the cords are^ 
approximated (adducted), as when talk- 
ing. and singing; and separated {ab- 
ducted), as when taking a deep breath, 
(d) The epiglottic 'cartilage ijf shaped like 
a bicycle saddle, its stalk being attached 
to the angle of the thyroid cartilage just 
above' the vocal cords. 

Tlu' epiglottis was at (jne time' thought 
(oact as a lid that , during tlie act of swal- 
lowing, folded backwards ovei* the (‘ii- 
t ranee to tlu' larynx in order to prevent- 
the entry of food, llowc'ver, during the 
act of ^w allowing; (a) the laiynx rather 
is drawn ui)wai’ds uiuh'r slu'lter of the 
root of tli(' tongiK*; (b) its (‘nti‘ance or 
upper apertiih* is closed by tin' ^phiIU'- 
t(‘j‘ic muscles that surrouiuVit and tilt the 
aryt('nr)id cartilages forwards, and (c) the 
, aiytenoid cartilages arc* at the same time 
adducted and the (jloUix (i.r*., spac(' lx*- 
tween the cords ant('iiorlv and tlu' aryh'- 
noids post(*riorly is (dosed. By lhe^(' 
means food is pi*e vented from cun'i ing ihi* 
larynx. Hy palpating the thyioid carti- 
lage while perfoi-niing tlu' act nf >w allow-- 
ing, tlie larynx can be tVll to bc' drawn 
upw ards and forwards. 

The Trachea or windpfjx^ is an elastic 
tube over 4" long, ^vith a calibre equal to 
the root of tho index finger. It is kept 
patent by about 20 C-shaped rings of 
hyaline cartilage which* arc open pos- 
teriorly. Involuntary muscle fibres, em- 
bedded tin the elastic tube, unite the frye 
ends of the C-shaped rings.. Half of the 
trachea is in the neck, half in the thorax; 
and immediately behind it is 'the oe- 
sophagus., When you . throw back your 
head vou readily feel the thyroid and , 
cricoia cartilages rise, ^.nd perhaps feel 
the tracheal rings separate. It is the 


elastic tissue between the rings that 
allows the trachea so to lengthen. At the 
level of the sternal angle, 2" below the 
supra>sternal notch, the trachea bifurcates 
into a right and a left bronchus. 

The Bronchi have the same structure 
as. the trachea. After an oblique course 
of 2", each enters the respective lung at 
the hilum and descends towards the 
base, giving, off anterior and postei;ior 
branches; these in turn branch and re- 
branch like a tree. Within the’ lung the 
C-shaped rings give place to flakes of 
hyaline • cartilage which surround the 
tube. When the bronchi are reduced to 
the diameter of 1.0 mm., they are called 
bronchioles. Here the cartilage ceases; 
just beyond, the mucous glands cease 
and the ciliated cells become cubical. 
Around the bronchi and bronchioles in- 
voluntary muscle fibres arc wound spi- 
rally. The terminal bronchioles divide 
into a number (2 to 11) of alveolar ducts 
\Vhich end in dilated air sacs, alveolar 
sacs. Tho w’alls of t hose sacs being them- 
selve.s sacculated, resemble a bunch of 
grapes, and hence thqy are called tilve- 
oli (L. alveolus = a bunch of grapes) 
(fig- d.7/>). Adjacent alVeolar sacs are 
practically contiguous -between ’ them 
there is rqom only for a close-meshed 
network of capillaries through which the 
blood cells huriy in single file giving off 
CO 2 and taking up O 2 from the alveoli 
on each side with a resulting change in 
the colour of the blood from relatively 
blue to red. This being the aim and ob- 
ject of respiration, the alveoli are the 
essential constituents of the lung. Since 
alveoli also occur on the £)lronchiole.s 
immediately preceding the alveolar ducts, 
they are termed respiratory bronchioles. 

The Lungs^ a right and a left, are 
spongeworks of elastic tissue which on 
section and in consistence resemble rub- 
ber sponges. In this highly elastic 
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framework the bronchi and the com- 
panion branches of the pulmonary artery 
and vein ramify, the bronchi conducting 
air to and from the alveoli, the vessels 
conducting blood. * 

The lungs occupy the conical thora:?,. 
each livig forming half a cone. The right * 
lung is divided by two complete fissures 
into tlirec separate lobes; the left is di- 
vided by one fissure into two lobes. 

Each lobe of each lung h|Ls a delicate 
and inseparable “skin^^ the visceral 
pleura. This is a perfectljr smooth^ 
moist, serous membrane, identical in 
structure and in origin with peritoneum, 
i.e., a fine areolar sheet with a surface of 
squamous (mesothelial) cells. Another 
layer of pleura lines the ribs, diaphragm, 
and mediastinum (containing the heart) ; 
this is parietal pleura, between the 
visceral and parietal layers of pleura 
there is a potential space, the pleural 
cavity^ best explained by fig. 530. •It 
allows the lung to expand and contract 
without friction. ^ • 

The Respiratory Act has 2 phases — 
inspiration and expiration. On inspira- 
tion the diaphragm descend^, thereby 
increasing the vertical diameter of the, 
thorax; and the ribs rise from a sloping 
to a more horizontal position, thereby 
increasing the antero-posterior and the 
side-to-side diameter, a§ you can deter- 
mine by palpation. The atmospheric 
pressure is 14.7 lbs. to the square inch 
at sea level; thereforp on enlar^ng the 
thorax (inspiration) air rushes down the 
trachea and bronch^into the lungs so that 
they expand, thereby avoiding the for- 
mation of vacua in* the pleural cavities. 
Expiration is largely a matter of elastic 
recoil; that is, the highly elastic tisSue 
contracts, the stretched abdolninal mus- 
cles act like an elastic belt on the ab- 
dominal contents forcing the* diaphragm 
upwards,* and the cartilages of the ribs, 


which underwent twisting during in- 
spiration, now .untwist. 

The respiratory act has aptly been 
likened to fire-bellows in action, the 
thoracic cage being the framework of 
the bellows, the trachea the nozzle. 

As. the table shows, during quiet respi- 
•ration about 500 c.c*. of air are inspired 
and expired. On full inspiration about 
an extra 2500 cc. can be takefi in'; and 
on full expiration an extra 1000 cc*. can 
be forced opt. Even then there remain 
in th(? alveolar sacs, trachea, and bronchi 
about 1000 cc. which cannot be ex- 
pelled. 

2500 Complemental aii 
Total 500^ Tidal air 
capacity 1000 Supplemental air 
1000 Residual air 

Nerve Supply. The respiratory centre 
is located diffusely in the reticular forma- 
tion of the medulla oblongata. If the 
centre is destroyed or if the spinal cord 
between the centre and *the origin of the 
phrenic nerves, wli^ch supply the dia- 
phragm, is severed, respiration ceases. 
The normal stimulus to the centre is the 
excess* • CO 2 in the circulating blood. 
Efferent impulses descend from the centre 
to the nuclei of the phrenic (C. 3 , 4 , 5) and 
intercostal nerves’ (Th. 1-11) in the 
spinal cord and along these nerves to the 
diaphragm and intercostal muscles, caus- 
ing them to cgntract. When the lung is 
distended, afferent impulses ascending in 
*the vagus nerve inhibit further inspira- 
tion and provoke expiration. ^ 

The bronchial muscles (circular) are 
made to contract by the vagus nerves 
and to relax by the sympathetic, hence 
in asthma the spasms of these muscles 
are relieved by adrenalin. 

Epithelial Surfaces. The resi^iratory 
passages as far as the bronchioles of 1 
mm. in diameter are liped with stratified 


Vital 
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columnar, ciliated epithelium containing 
scattered goblet ceil§;. In .the mucous 
membrane are mucous and serous glands, 
also lymphoid tissue ,both diffuse and 
aggregated. 

In the protcM'tivo mucui^ that lines the 
larynx, trachea, and brondii inhaled dust 
and other foreign material is caught and 
entangled. The cilia cause The lining 
lube of mucus to move ever ujj wards, like 
a moving carpet or escalator, to the en- 
trance of the larynx where it spills over 
into the phar^mx and is swallowed. The 
other method of expelling foreign mate- 
rial is by coughing. The l^nnphoid tissue 
also is defensive against foreign invasion. 

J^xceptional Areas. (1) The vestibule 
of the nose is lined with skin, possessing 
hairs, .•^weat glands, and sebaceous glands ; 

(2) areas subjected to pressure or fric- 
tion, where cilia could not survive, are 
protected by stratified squamous epithe- 
lium, viz. — (a) the parts of the upper 
surface of the soft palate and uvula which 
are applied to the pharyngeal wall during 
swallowing; (b) are^s against which Uit' 

• food comes into contact, namely, the 
entire oral .and laryngeal pai ts of tJic 
pharynx and also the d(;rsal aspeet^of tht* 
upper lualf of the epiglottis; (c; the voeal 
eords, whicli \ibrate and strike each 
other; (3) tlie terminal ar4(] n'sj)rratory 
Iwonchioles, w^hose opifludium >s cubical; 
(4) the alveoli, whose lining e])itheliiun 
is by some thouglit 1 o ho partly sejuamous 
and partly cubical; by otliers, absent ; (5) 
the olfactory (smell) epitlielium 

The^c-yia in the na.^^al cavities -work 
backwards towards the pharynx; those in 
the trachea and bronclii upw^ards to\vards 
the pharynx; those in the air Sinuses 
spirally around the ^valls to the orifices. 

Coughing is’^a defensive act, an attempt 
to blast a fdl^gn^ body out of the trachea 
and larynx. Thus, following an in- 
spiration, the vopal cords arc approxi- 


mated and kept approximated (ad- 
ducted) while the movements of 
expiration are ^ begun; the cords then 
suddenly relax (abduction), thereupon 
by the force of the air the irritant is 
blown out of the larynx. The afferent 
mpulses travel in the internal laryngeal 
branch of the vagus when the source of 
irritation is above the vocal cords and in 
the recurrent laryngeal branch when be- 
low. Coughing may also result from 
inflammation of the pleura, but as there 
is then nothing to be expelled, the cough- 
ing is profitless and it may be wise to 
arrest it by means of drugs. 

Sneezing likewise is a defensive act, 
an attempt to blast a foreign body out of 
the nasal cavity. The act is preceded 
by a deep inspiration and the mouth 
usually kept^ closed during forceful ex- 
piration. The afferent impulses travel 
in the maxillary branches of the trigem- 
inal nerve. 

THE URINARY SYSTEM 

The uriilary system and the genital 
system are closely associated in their 
develoimient and are commonly de- 
scribed together as the urogenital system. 
In the human male, but not in the fe- 
male, the ui*ethra serves as an outlet for 
the ju’oducts of both systems. 

The urinary system comprises the 
following parts: 

(1) Kdneysl bilaterally paired stnic- 

(2) Ureters /tures. 

(3) Bladder Imedian, unpaired struc- 

(4) Urethra /tures. 

The kidneys excrete urine.** This 
passes down two muscular tubes, one on 
each side, the ureters, into a mtiscular 
resenmr, the urinary bladder, where it 
is stored until such time as it is con- 
venient to discharge it by the urethra. 

Kidneys: Each of the two kidneys 
is of conventional kidney-shape*, is about 
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4^ inches long and weighs about 
ounces. Its function is to keep the com- 
position of the blood plasma constant. 
This it does •by removing the excess of 
water and the waste products, especially 
those resulting from the metabolism of 
nitrogenous substances. It also main- 
tains the alkalinity of the blood (a) by* 
manufacturing ammonia, which combines 



Fig. 47. Diagram of the tabules and blood 
supply of the kidney. (See also fig. 260.) 


with the surplus acid radicle of the salts 
of the blood to form* ammonia salts, 
which are then excreted by the kidneys, 
whereas tl^ bases are retained; and (b) 
by excreting NaH 2 P 04 instead of Na 2 
HPO4. To the former salt the urine 
owes its acid reaction. 

STRugruRE (/iff. 4 ^). A kidney egn- 
tains about 1.000,000 microscopical units. 
Each unit or nephron has two parts (1) a 
fflomeruluej, and (2) a uriniferous tubule. 


A glomerulus (dim. L. glomus = a 
ball) is a spherical bunch of looped 
capillaries aboift 200/i*in diameter, which 
invaginates the expanded blind end of a 
wriniferous tubule, called Bowman*^ cap- 
^sulCf much as the lens of the developing 
eye tnvaginates the optic vesicle to form 
the optic cup, but with this difference — 
the invagiriated layer of the capsule 
covers the individual loops of capillaries 
and dips into the crevices between them, 
thereby creating an extensive surface, 
estimated to be 0.3813 sq. millimetres 
•per glomerulus or 0.3813 sq. metres per 
kidney (M. H. Book). The two layers, 
of Bowman's capgule, outer and inner or 
invaginated, an*d the glomerulus are 
known as a Malpighian corpuscle, but 
the term is variously applied. Malpighi, 
who first saw the corpuscles, likened thena 
to apples hanging from a tree. The,cap“ 
sule is succeeded by the 1st. (proximal) 
convoluted tubule, the descending and 
ascending limbs of Henle's loop, the 2nd. , 
(distal) convoluted tubulje and finally 
th<? junctional tubule which discharges 
into a system of dollecting tubules. 
About- a dozen collecting tubules open 
on to the papilla of each pyramid (Jig^ 
^287) and discharge their contents into 
the pelvis of the ureter. Each named 
part of. the tubule^ has a distinctive 
epithelium and* accordingly, a different 
function. The glomeruli and the con- 
voluted tubules occupy the labyrinth of 
the kidney; the limbs of Henle's loops 
and the collecting tubules occupy the 
pyramids. 

•Vessels. The renal vessels <ire ex- 
ceptionally large. The artery generally 
breaks up into 3 main branches, of which 2 
pass in front of the pehds and 1. behind 
it. These send branches into the renal 
columns, situated between the pyramids, 
and, because the pyramids are spoken 
of as the lobes of the kidney, they ate 
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called interlobar arteries. At the junction 
between the medulla and cortex these 
divide into branches (aitimte arteries) 
which curve betw'ccn these two parts. 
From •these branches, interlobular ar-^ 
ieries pass radially towards the capsule, 
rmviing between the medullary fays.' 
Each interlobular artery gives off many 
sliort arterioles, Vasa affer^jhtia, which 
pass at right angles into the labyrinth 
where the glomeruli lie. Each ms a/- 
ferens enters a glomerulus and there 
branches to form capillary lopps, as 
described above. These reunite and 
leave the glomerulus as a single vessel, 
the vas efferens, which is of smaller lumen 
than the vas afferens. The* vas efferens 
now breaks up into capillaries which 
rani'fy among the convoluted tubules. 
These reunite to form venules, which in 
turn .become mterlobular, (arcuate), in- 
terlobar and main veins. The pyramids 
are supplied by long parallel meshed 
. vessels, arteriolae rectae, which proceed 
from the glomcriiU situated near the 
border zone. 

Note: (a) The 'i'cnal artery is dis- 
proportionately large; its branches arc 
large; and ’each \^as afferens is larger thr.n 
the corre.sponding vas efferens. All this 
makes for high arterial pressure within 
the glomeruli, (b) The blood flowing 
through the renal artery passes first 
through the glomerular capillaries, which 
are filters, and then through a second 
set of capillaries. To this the fine twigs 
that leave the artery in the renal sinvs 
for the supply of the ureter, the perirenal 
fat and- the capsule of the kidney are 
exceptions; so are the terminal twigs 
(stellate arteries) of the interlobular 
arteries, that radiate under the capsule, 
and a fejy arteriolae rectae to the pyra- 
mids, whichjjass through atrophic glome- 
ruli {fig. 47j. 

The interlobular veins begin under the 


capsule as stellate veins and may be seen 
on stripping it off. The tributaries of 
the renal veins anastomose freely. 

Urine is riot a secretion® but a con- 
centrated filtrate, the glomeruli doing the 
filtering, the tubules the concentrating. 
Since the blood is circulating under pres- 
sure through the glomerular capillaries, 
water, salts in solution and substances of 
small molecular size filter through into 
Bowman's capsule. Of course, the blood 
cells remain within the blood vessels; so 
do the blood proteins, for they are of 
large miolecular size, and there they 
exert an osmotic pressure wdiich lends to 
retain water and dissolves substances 
within the blood stream. For the “ex- 
cretion" of urine the blood pressure must 
exceed the osmotic pressure within the 
vessels. The quantity of filtrate that 
passes da\Vy into Bowman's capsule is 
estimated to be about 100 litres, but an 
average amount of urine voided daily is a 
little more than one litre. All but a 
fraction, then, of the water filtered is 
reabsorbed as it passes down the tubules 
and is restored to the blood. Some con- 
stituents of the filtrate (e.g., glucose, 
sodium cnloride) are entirely reabsorbed; 
others (e,g., urea, uric acid, and phos- 
phates) ara reabsorbed to a slight extent; 
others (e.g., creatine and sulphates) are 
not reabsorbed. 

From the kidney the urine is propelled 
by peristaltic action along a ten inch 
muscular tube, the ureter, into a hollow 
muscular reservoir, the urinary bladder. 
Through a urethroscope introduced 
into the bladder, jets of urine are seen 
to leave the urethral orifices two or 
•ihree times a minute. The .bladder 
h^ a capacity of ^ to 1 pint. From 
it a fibrp-muscular tube, the urethra, 
leads to the exterior of the body. It is 
about 6" to 8^ long in the male, in 
the female. At the junction of the blad- 
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der and urcfthra (i.e., at the neck of the 
bladder) the bladder is guarded by a 
sphincter of involuntary muscle, the 
sphincter v^sicdc^ and beyond this (i.e., 
between the fasciae of the urogenital 
diaphragm) it is guarded by a sphincter^ 
of voluntary muscle, the sphincter ure- 
thrae. • 

Micturition. As urine gradually col- 
lects within the bladder, the ‘muscle wall 
adapts itself to the increasing •volume 
without’ appreciable increasc*in internal 
pressure until 200 to 300 cc. have col- 
lected. The internal pressure ^11011 be- 
gins to rise and rhythmical contractions 
of the bladder wall begin. These, in- 
crcfising, culminate in a strong reflex 
contraction of the wall and an associated 
relaxation of the sphincter, and so the 
bladder is emptied. Though micturition 
is ess('n<ially a reflex act, it (An ])e, and is, 

• botli initiated and inhihit(*d at will, until 
a suitable (jceasion presents. 

Nerve Supply. d'uK Kij)nj‘]y. The 
strong eUnieal evidc'nec' is that the kidiK’^^ 
receives sympathetic tilxus tliat f)ass {.)ver 
the smallest splanchnic lanve and the 
gray rami of gangli(ni L. 1 to the renal 
plexus and tli(^nf*e ahmg tin* reilal vessels 
to the kidney. The nerve fibers are vaso- • 
constrictor, vasodilatin', ai*d afferent. 
Cutting posterior nerve roots of T.* 12, 
T. 1 , and ]./. 2 j-elieves renal pain . (White 
and Smith wick.) A dehervated kidney 
continues to excacte noi'mal urine. 

The Uretek. In its upper part, the 
ureter receives nerve fibers from the renal 
and intermesenteric plexuses; in its lower 
part froin the pelvjc plexus (inf. hypo- 
gastric plexus) at the side of the bladder, 
vesicle .and prostate ; and in its middle 
part from the hypogastric plexus ajid 
hypogastric nerve in associatiqn with the 
spermatic plexus. (Mitchell.) Its spinal 
connections are L.l and 2*. TJie peristal- 
sis of the yrcter is not disturbed by lumbar 


(i3 

sympathectolny, in fact, by the with- 
drawal of inhibitory sympathetic influ- 
ences the furfetfons * 0 ! a dilated (hydro- 
nephrotic) ureter and of a dilated colon 
(mcgac(3lon) are imri')roved. • 



Pnrasympaihalic. ^h^gal fibers via the 
A*oe.liac plexus ma.v be siippoised for the 
kidney and .upper part of the ureter, and 
pelvic splanchnic nerve fibers for the lower 
part. 

The Blxddeu and \IiiKTHR,k {fig. 48). 

Parasympathetic. The pelvic ^Aanch- 
nic nerves (nervi erigentes; S. 2, 3, 4) arc 
the motor nerves to the bladder ; when 
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they arc stimulated the l^Iadder empties, 
the blood vessels dilate, and the penis 
becomes erect. They are «also the sen- 
sory nerves to the bladder. 

Sympathetic, througli the hypogastric, 
plexus (prcsacral nerve; Th. lower, L. 1, 
2, 3) is motor to a continuous muscle street 
comprising the ureteric musculature, the 


thetic is also vaso-constrictoY and to some 
slight extent it is sensory to the trigonal 
region. 

The pudenhal 7ierve is mptor to the 
sphincter urethrae and sensor}^ to the 
glans penis and the urethra. 

It would seem that the sympathetic 
sappl.y to the bladder has a Vaso-con- 




Diagram of the female genital system Diagram of the male genital system 

(front view). , (side view). 

The parts of the Mullerian duct in the male and of the mesonephric duct in the female, 
shown in broken lines, disappear. In the upper halves of both figures the parts are shown in 
their early foetal or indifferent state. M ■■ Mullerian appendage; W Wolffian (mesonephric) 
appendage. 


trigonal muscle, and the muscle of the 
urelh/altcrest. It also supplies the n>u^- 
cle of the epidid^unis, vas deferens, semi- 
nal vesicle, and prostate. When the 
plexus is stimulated, the seminab fluid is 
ejaculated into the urethra but is hindered 
from entering the bladder perhaps by the 
muscle* sheet wl^li is drtpvn towards the 
inlx^rnal urethral orifice. The sympa- 


strictor and a sexual effect and that as 
regards micturition It is not antagonistic 
to the parasympathetic supply. (Lear- 
month; Langworthy and others.) 

THE GENITAL SYSTEM 

The male and female organs of repro- 
duction, though differing in appearance 
before the time of birth, are funda- 
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mentally the same, and in early foetal 
life are very similar. In both sexes they 
pass through an indifferent stage during 
which there* is a pair of parallel ducts — 
the Woffian or mesonephric and the 
Mullerian or paramesonephric— on each , 
side of ^the body. In the male, the 
WolflBan ducts are utilised as genital 
ducts and the Mullerian ducts largely 
disappear or remain vestigial; in the 
female the converse is true (figs. 50). 

Each sex has (1) a symmetrical pair of 
reproductory or sex glands, which pro- 
duce germ cells — spermatozoa* in the ' 
male and ova in the female; (2) passages 
through which these germ cells find their 
way to the exterior of the body; (3) 
vestigial parts (well developed in the 
opposite sex) ; (4) accessory glands ; and 
(5) external genitals or pudenda. 


Corresponding Male and Female Paris 
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Bex Gland 
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The Male Genital System 

The Testes or male sex glands, one on 
each side, lie in the scrotum. » (See jigs. 
209, 21o}) Each testis is oval, slightly’ 
flattened from side to side, and 1 long. 
Like the 'eyeball it has a thick, white, 


inelastic, fibrous outer, covering, the 
tunica albuginea. Within this covering 
are about 25(J delicdte pyramidal com- 
partments, each containing from 1 to 3 
• greatly convoluted threadlike tubules, the 
seminiferous tubules, which are from 1 to 
2 feet long, so the total length of thead in 
each testis is about 250 yards. These 
tubules open into an anastomosing net- 
work, the rete testis, near the posterior 
border of the testis. The semimfei:ous 
tubules produce spermatozoa or male 
gametcc- little tadpole-like cells with a 
head much smaller than a red blood cell, 
a body of the same length, and a long 
motile tail. • 

The. testis is covered in front and at the 
sides by a bursal sac, the tunica vaginalis 
testis, which before birth was continuous 
with the peritoneal cavity.^ 

The Ducts of the Testis. From 6-i2 
fine coiled tubules, the efferent ductules, 
each about S'' long, lead out of the upper 
part of the rete testis into the canal of* 
the epididymis. This ijanal, though 
about 20 feet long, is so folded as to form 
a compact body, the epididymis (Gk. 
epi — ‘ upon; didumos = a twin; i.e., the 
tftstes are twins), which caps the upper 
* pole of the testis and is applied to its 
posterior border. The vas deferens (duc- 
tus deferens) connects the canal of the 
epididymis to the urethra, and so leads 
away from the testis. It is about 18" 
lonjg. It ascends first (behind the testis) 
along the medial side of the epididymis, 
and then through the upper part of the 
scrotum to the abdominal wall. This 
it pierces obliquely. Continuing, it runs 
under cover of the peritoneum to the 
base of the bladder, and then descends* 
between the bladder and the rectum. Its 
terminal J", the ejaculatory duct, pierces 
the prostate and opens into the urethra 
close to its fellow, about an inch beyond 
the bladder. From this point onwards 
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the male urethra is the common duct of 
the urinary and genital systems. 

Structure. The efferent ductules are 
lined with ciliated epithelium and mu- 
cous-sefcreting cells. " The canal of the 
epididymis and the vas have a circular 
muscle coat with longitudinal mii&le 
fibres both inside and out. The vas feels 
like a whipcord because the muscle is 
so thick and the lumen so small; the 
epididymis feels soft because the muscle 
is thin and the lumen large. Each has a 
mucous coat. The cells lining the canal 
of the epididymis are columnar with non- 
motile ciliated processes which discharge 
a mucoid secretion; those in the vas are 
cubical. The part of the vas behind 
the bladder, the ampulla of the ras, is 
dilated, thin-walled and easily torn. 
Within it are septa and secretory out- 
pouchings. 

Accessory Glands. The Seminal 
Vesicles, one on caeli side, arc tubular 
outgrowths from the ampullary ends of 
the vasa, which they '*e^eml)lo in struc- 
ture. Each vesicle has out}K)iichings 
and short branches and is 2" long, but 
when unravelled, it is 3 to 4" long (^cc 
jigs, 3^'iy 3/fU). The vesicles are.abseifL 
in some animals (e.g., the dog), large in 
others. The 3 " secrete a ynllon'ish sticky 
liquid. . ^ 

The Prostate Glatsd ffik. ])ro = be- 
fore, istanai = to stand), the size and 
shape of a large chestnut, surrounds the 
first IJ" of the urethra i(ist beyond the 
bladder. It is partly glandular, partly 
muscujar and partly fibro-areolar. It 
secretes Snto the urethra an opalescent 
liquid, free from mucus. It is pierced 
by the ejaculatory ducts. 

The Bulbo-urethral Glands (of 
Cowper), -the, size of a pea, lie one on each 
side offthelAembranous urethra. Their 
ducts are V long and open into the 


spongy urethra. They secrete a mucus- 
like substance. 

The Glands op the Urethra. At 
places the stratified columnar epithelium 
lining the urethra gives place to (a) single 
. mucous cells, (b) mucous cells in clusters 
at ‘the bottom of slight deprei^sions or 
lacunae, and (c) mucous cells lining 
glands with short ducts, the glands of 
Liltre; these are commonest on the dorifel 
wall. 

The Penis (L. penis = a tail) is the 
male organ of copulation (see fig, 310), 
It comprises 3 parallel fibrous tubes, 2 
paired and 1 unpaired, which are filled 
with cavernous tissue and are enclosed 
in a single loosely-fitting tube of skin and 
subcutaneous tissue. The paired tubes, 
the right and left corpora cavernosa penis, 
are fused side by side. In front they 
prc.sent a rounded end; behind they 
diverge into right and left aura (L. 
crus = a leg) which are firmly attached 
to the pubic arch. The c. cavernosa are 
the '^skeleton” of the penis. The un- 
paired tub(‘, the corpus spongiosum penis 
(q. cavernosum urethrae) occupies a 
groove l)eIow the united, c. cavernosa; 
it is traversed by the urethra.. Its 
expanded hinder end is fixed to the 
membrane ‘(perineal membrane) which 
stretches between the sides of the pubic 
arch; its expanded anterior end, the glans 
(L. glans = an acorn), fits like a cap on 
the end.s of the c. cavernosa. The re- 
dundant skin covering the glans is the 
prepuce. The operation of circumcision 
consists in removing, the prepuce. 

The Scrotum is the bag of « skin and 
laminated sUbcutan/^ous tissue in which 
the testes lie. Like the penis it is free 
from fat, but it contains a layer of smooth 
muscle, the dartos, which causes wrinkling 
bf the skin when cold. Originally there 
were two scrota, a right and a left; the 
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skin of the scrotum now forms a single 
common pouch; the dartos and subcu- 
taneous tissues continue to form a right 
and a left pouch, but their medial walls 
have fused to form a median septum. 

Semen (L. = seed) is composed of< 
spermatozoa suspended in the secretions 
of the Suets of the testes and of the 
accessory glands. The spermatozoa are 
f(Hmed in the testis, whose walls are 
inelastic; and they overflow iifto the 
efferent ductules, whose cilia^waft them 
on into the epididymis with whose secre- 
tion they mix and where they a^e stored * 
until emitted. The number of sperma- 
tozoa in an emission is estimated to be 
300,000,000; but only one ovufh is shed 
by an ovary each month. 

Erection. Stimulation of the pelvic 
splanchnic nerves produces erection of 
the penis hence the teim ‘^nervi eri- 
‘gentes” originally gi^ on to these nerves - 
by causing dilatation of the arteries and 
cavernous tissue of the penis and con- 
striction of the veins. In the. normal 
reflex act the afferent limb is the pudendal 
nerve (S. 2, 3, 4) ; the efferent is the pelvic 
splanchnic (S. 3, 4) (see fig. iS). Apart 

from^lisychic influences, this is brought 
about by stimulation of the pudendal 
nerve endings, free and encmpsuled, in 
the glans penis. The fibres of the pelvic 
spl^tnchnics pass through the prostatic 
nerve plexus and under* the pubic arch 
to the vessels of the penis. Ejacula- 
tion. The impulse spreading, sympa- 
thetic nerves are stimulated to cause 
closuH' of tlic internal urethral orifice, to 
set up ptydstallic waves which empty the 
epididymis and propel its contents 
through the vas to the urethra, and to 
empty the seminal vesicles and prostate 
of their secretions. The segment is L. 1. 
The path is probably via the inter-’ 
mesenteric and hypogastric • plexuses, 


because the usual operation for removal 
of the lumbar sympathetic does not 
impair ejaculation, but removal of the 
hypogastric plexus does so permanently. 
•(Learmonth). By 'causing the “Bulbo- 
spongiosus to contract the pudendal 
nei*ve is responsible for emptying* Ihe 
spongy urethra. 

The Female Genital System 

The Ovaries or female sex glands, .one 
on each side, lie on the side wall of the 
pelvis isee fig. 800). Each ovary is a 
solid body about half the size of a testis 
and more flattened. It has an attached 
border; elsewhere it projects into the 
peritoneal cavity. It is covered, how- 
ever, not with squamous peritoneal cells 
but with a cubical epithelium (germinal). 
Its surface is scarred and^ pitted due fo 
the shedding of ova At birth each ovary 
contains abont 200,000 (immature) ova. 
From puberty to the end of the repro- 
ductive period (15th to 45th year) an* 
ovum is shed into the peritoneal cavity 
about once a lunar month, and, having 
no motive power, there it lies at large. 
In all* about 400 ova are shed ; the rest 
aTe absorbed in the ovary. 

The Ducts or Passages that conduct 
the ova to the exterior of the body are 
the uterine tubes, wjiich are paired, and 
thf uterus and vagina, which are un- 
paired. The uterine or Fallopian tube 
is £tbout 4i" long, is as large as a pencil, 
lies in the freejcdge of a fold of perito- 
neum, the broad ligament y and takes a 
twisted course from ovary to uterus. Its 
cfvarian end opens by a tnimprt-shapcd 
mouth (infundibulum) into the peritoneal 
cavity .beside the ovary, and from it 
finger-like processes (fimbriae) project. 
Its other end opens into the cavity of the 
uterus. t 

Structure and Function. It has 
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thin outer longitudinal and inner circular 
muscle coats, a mucosa thrown into 
numerous longitudinal folds, and a lining 
of columnar cells in part ciliated, in part 
secretcfry. When an ovum is about to* 
be shed the fimbriated mouth of the tube 
is "turned and likely applied -to the ov^ry. 
ready to receive the ovum. Peristaltic 
action propels it along the titbe, the cilia 
perhaps helping, and the secretion of the 
tube nourishing. In the tube the ovum 
may be met and fertilised by a sperma- 
tozoon, which is able to propel itself 
through the uterus in about 6 hours. 

The Uterus is a thick- walled, hollow, 
muscular organ placed , near the centre 
of the pelvis and projecting into the 
peritoneal cavity between the bladder 
and the rectum (see fig. So-)). It is 
shaped like an inverted pear, somewhat 
flattened from before backwards so that 
its cavity is collapsed, and is 3" long. 
Above, a uterine tube opens into it on 
each side; below, it opens into the vagina. 
The upper 2" are the body; the lower 1" 
is the cervix; the part of the body above 
the entrance to the tubes is the fundus. 
Its function is to harbour a fertilised 
ovum for nine months. During, the first 
two months the ovum is in the indifferent 
or embryonic stage; during the last seven 
it is in the formed ov foetal stage. 

Structure. Under a pcn(o?ieal caper- 
ing there is a coat, Y' thick, of interlacing 
smooth muscle fibres which by contracting 
not only expel the uterine contents 
(e.g., foetus and placenta) but also com- 
press the branches of the uterine vessels 
which jfess between them, and so arrest 
postpartum haemorrhage . I nternally 
there is a thick mucous coat (endome- 
trium) pervaded by tubular pits. The 
mucous CG^- and the pits are lined with a 
colunxiar ^i^lpithelium . largely ciliated. 
In the cervix the mijscle* fibres are chiefly 
circular, forming, as it were, a sphincter; 


the mucous membrane possesses branched 
mucus-secreting glands, and is lined with 
an epithelium which is columnar except 
at the external orifice of the eervix where 
it is stratified squamous. The peri- 
,toneum covering the body and fundus 
stile tches from each side of the uterus as a 
fold, the broad ligament, that rises from 
the pelvic floor, extends to the side frail 
and has in its upper free edge the uterine 
tube. 

The Vagina (L. = a sheath) is a rela- 
tively thin-walled collapsed tube, about 
long. The cervix projects into its 
upper end; below, it opens into the 
pudenda. It has a coat of smooth 
muscle fibres, mostly longitudinal except 
below, where many are circular, an outer 
fibro-arcolar coat, and a mucous mem- 
brane which is thrown into ridges or 
rugae and is lined with stratified squa- 
mous epithelium. The vagina having 
no glands, any mucus present within it 
comes from the cervix. 

Accessory Glands. The Paraure- 
thral Gi.ands (paired) have ducts 
which open at the side of the urethral 
orifice. The Greater Vestibular 
Glands (of Bartholin) are paired like 
their homologues in the male, the bulbo- 
urethral gKinds, and like them have long 
ducts, well seen in fig. 317. The Lesser 
Vestibular Glands are a few small 
mucous glands surrounding the urethral 
orifice. 

The External Genitalia (pudenda) have 
their homologous parts in the male, see 
page 310. 

Nerve Supply. The ovariea, like the 
testes, are supplied by T. 10; the fibres 
travel with the ovarian vessels through 
the suspensory ligaments, and some of 
them supply the ulcrine tubes. The uterus 
is supplied by the hypogastric plexus and 
the pelvic splanchnic nerves which pass 
through the utero-vaginal plexuses in the 
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l)road ligaments. The afferent fibers 
from the fundus pass through the hypo- 
gastric plexus and enter the cord via T. 
11, 12; those from the cervix povss to the 
sacral nerves. The vagina is supplied by 
the utero-vaginal and vesical plexuses and 
by fibres direct from the pelvic splanchnic. 

THE SKIN AND ITS APPENDAGES 

, AND THE FASCIAE 

The skin or cutis has for appendages; 
hairs, nails, sweat glands, and*sebaceous 
glands. 

Do not misconceive the skin -to be 
merely an envelope wrapped around our 
bodies like paper around a parcel. It 
is, indeed, a wrapping but it ♦is more 
than a wrapping — it is one of our most 
versatile organs. As an envelope it has 
admirable properties: being waterproof 
it prevents the evaporation *and escape 
of tissue fluids ; it becomes thick where it 
is subject to rough treatment; it is 
fastened down where it is most liable to 
be pulled off; it has 'friction ridges w'here 
it is most liable to slip; ^^—even \vith our 
ingenious modern machinery we cannot 
create a tough but highly elastic fabric 
that will withstand heat and (?old, wet 
and (3rought, acid and alkali, microbic 
invasion, and the wear and tear of three 
score years and ten, yet effect its own 
repairs throughout; and even present a 
seasonable protection of pigment against 
the sun^s rays. It is indeed the finest 
fighting tissue” (Whitnall). As an organ 
it is the regulator of tlie body tempera- 
ture; it is an excretory organ capable of 
relieving ^the kidneys in time of need; 
it is a storehouse for chlorides; it is the 
factory for antirachitic vitamin D (ergos- 
terol) formed by the action of the ultra- 
violet rays of the sun on the sterols in .the 
skin, and necessary for the mineralisation ■ 
of bones and teeth; and it is. the most 
extensive and varied of the sense organs. 


, In an average adult man the skin 
covers 4 body surface of 1.7 sq. metres. 
At the orifices df the bbdy it is continuous 
with the mucous membranes. The skin, 
■somewhat modified,' forms the conjunc- 
, tiva and the outer layer of the ear drum. 

I2ie Skin .or cutis (L. cutis = skta) 
has two chief parts {fig, 51): (1) the 
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Fig. 51. Section of thick skin, superficial 
fascia and deep f^cia. .C » stratum corneum; 
L = stratum lucidum; G = stratum granulo- 
suirt; S germinative layer; B « basal layer 
of columnar cells. (After Appleton, Hamilton 
and’Tchaperoff.) 

dermis (Gk. derma = skin) and (2) the 
epidermis. The Dermis (true skin, cutis 
wera or corium) is of mesodermal origin. 
It is a feltwoi'k of bundles of white fibres 
and of elastic fibres. Superficially the 
feltwork is of fine texture; deeply it is 
coarse and more open and its spaces 
contain pellets of fat, hair follicles,^ sweat 
glands and sebaceous glands. It is in 
general 1 to 2 mm. thick, but is thick'er 
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on the i)alms and soles and back, and is 
thinner on the eyelids and external genital 
organs. The spaces in the feltwork are 
lozenge-shaped, hence a needle puncture 
does not remain a round hole. The long, 
axes of the lozenges are differently 
directed in different parts, usually b'cung 
parallel to the lines of tension of the skin. 
A cut across the long axes of, these lines, 
Langcr[s lineSj will gape. It is due to the 
presence of elastic fibres that the skin, 
after being stretched or pinched into a 
fold, returns to normal. Dermi§, when 
tanned, is called leather. 

The Epidermis is a non-vascular 
stratified epithelium of ectodermal origin. 
The deeper layer, the gisrnimaiive layer^ 
is living. It consists of several strata 
of polyhedral cells restihg on a single 
stratum of columnar cells. These strata 
may sliow mitotic figures. The super- 
ficial layer, the horny lay/n* or stratum 
corneunij is dead. It consists of several 
. strata of dry, flattened, scaly cells with- 
out visible nuclei. Hie surface cells are 
perpetually being rubbed away and are 
perpetually being replaced by cells of the 
germinativc layer. Where the epidermis 
is thick, notably on the palms, .soles and 
back, there are two intermediate layers 
a granular and a clear. The granular 
layer or stratum granulosimi lies ikwI, the 
germinativc layer. It consists of cells 
2 to 3 deep, or merely of a few scattered 
cells, which are nucleated and contain 
granules of a waxy material (eleidin). 
This layer is transformed into a clear 
one, the stratum lucidum^ in which the 
cell outlines are indistinct and th^. 
granules run together to form a horny 
material (kerato-hyaline). 

Finger-like processes of the dermis, 
papt'Zfae, .’protrude into the epidermis 
anchoring it^ the same manner as the 
tubercular surface of the diaphysis of a 
bone anchors the epiphysis. These 


papillae are specially long on parts 
devoid of hair, e.g., the red of the lips, 
nipples, and external genitals; on the 
palms and shies they are arranged in 
double rows under the friction ridges 
{ser Jig 129). 

The horny layer is thick on the palms 
and soles even at the time of birth; 
pressure and friction at any site provoke 
it to thicken. n 

Pigmentation is due to the presence 
of (a) melanin granules in the columnar 
cells of the germinativc layer — in negroes 
these granules are found in all cells of the 
epidermis — and (b) branched pigment 
cells, melanoblasts, which lie deep to the 
columnar cells and send proce.sses be- 
tween them. 

The Nails are thickenings of the deeper 
layers of the stratum corncum. A nail 
has a free erid which projects, a root which 
extends proximally deep to the over- 
hanging nail fold, two lateral borders, a 
free surface and a deep one. The white 
crescent api^earing distal to the nail fold 
is the lunulo. The deep surface rests on 
and adheres to the nail bed. This largely 
con.sists of bundles of white fibres which 
attach tlie dermis to the periosteum. 
The dermis is covered with stratum 
granulosuni into which longitudinal vas- 
cular ridges project. On cross-section 
these have, of course, the appearance of 
papillae. 

Growth takes place at the root and 
from th^ bed as far distally as the lunule; 
beyond this the nail probably slides dis- 
tally on its bed, adhering to it. Toxins, 
arising in an acute illness, temporarily 
arrest the growth of the nails (as they 
do of the bones, see Jig. 15) and a trans- 
verse ridge appearing on each nail when 
growth is, resumed is evidence of a past 
‘illness. Seeing that the average rate of 
nail growth is ().l mm. a day or 3 mm. a 
month (i.e., about \ Y year) the date 
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of a past illness can be estimated. The 
nail of dip;it III consistently grows fast- 
est, that of digit A", slowest* Nails grow 
rapidlj^ in ‘*nail biters^'; in immobilised 
limbs Ihey grow slo^^ly ([.e Oros ("lark 
and Buxton.) 

The Hairs are distributed o\^er the 
entire surface of the body except the 
pa^pis and soles, dorsum of the last 
segment of the digits of the hand and 
foot, red t>f tho lips, parts of tl^e external 
genitals and the conjunctiva. They are 
also present in the vestibule of the, nasal 
cavity and in the outer part of the ex- 
ternal auditory meatus. 

Hairs may be short (a few yim.) or 
long. Long hairs are present in the scalp, 
eyebrows, margins of the eyelids, vesti- 
bule of tho nose, outer part of the external 
auditory uK^atus; and at puberty they 
j\ppear on the i)ui:)es, external genitals, 
axillae, and in the male on the face. 

A hair has a shaft or part that projectjf 
beyond the skin surface, a root that lies 
in a follicle of the skin, and at the end 
of the root there is a swelling, the bulb, 
which is moulded over a dermal papilla. 

Hair rudiments aj^pear abeut the 
3rd foetal month as solid downgrowths of 
the germinativc layer into tlje dermis. 
The advancing end swells, is invaginated, 
and, like an inverted cup, encloses a 
dernial papilla, in time it may advance 
into the subcutaneous fat. The poly- 
hedral cells covering the papilla then 
grow outwards to the surface, becoming 
more and more elongated as they do so, 
and reaching it aboht the 7th foetal 
month. Tliese hairs, lanugo,, are shed 
about the time of birth. Thereafter, 
fresh hairs arc continuously fdrmed by 
outgrowths from the walls of the hair 
follicle. * The life of a hair on the head’ is 
about 2-4 years; of an eyelash about 3 to 5 
months; so^ like the leaves of*an ever- 
green tree, old hairs are constantly 


falling out and new ones taking their 
place. 

The cells of the root bulb are polygonal, 
jgerminative cells. As these grojy out 
towards the shaft, they become pro- 
gressively more elongated, cornified and 
fibrous,, and constitute the cortex of the 
hair. Around the cortex is a tube of 
scaly cells, the cuticle, imbricated like 
the slates or shingles on a roof, tlie free 
ends facing the mouth of the follicle and 
engaging the ends of a similar lining in 
• the follicle but facing in the opposite 
direction. In some hairs germinative 
cells extend within the cortex to form a 
medulla. 

The Arrectores Pilorum Muscles are 

bundles of smooth muscle that pass 
obliquely from the epidermis to the 
slanting surface of the hair*follicles deef) 
to the sebaceojis glands. By contracting 
they cause the hairs to stand erect. In 
birds, by erecting the feathers, they in- 
crease the air spaces between them there- 
by preserving heat; hence sparrows look 
plump in cold weathers In man erection 
of hairs, caused by cold, results in spasms 
of, the Arrectores, producing “goose 
«kin^\ • 

Sebaceous Glands are simple alveolar 
glands, bottle-shaped and filled with 
polyhedral cells* which discharge a fatty 
scci'btion, called sebum, into the hair 
follicles. The glands develop as out- 
growths of hair follicles into the dermis, 
ory} or more being associated with each 
hair. Commonly the glands are largest 
wjjere the hairs are shortest (e.g.^end of 
nose, and outer part of the external 
auditory meatus.) They make the skin 
waterproof — “like water off a duck’s 
back” is a common expression. -. Fortu- 
nately there are no hairs oii the palms 
and soles, neither are there sebaceous 
glands to make the surfaces greasy. In'- 
dependently of hairs, sebaceous g^nds 
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are present on the inner surface of the 
prepuce, on the labia niiiK)ra, and on the 
areolae of the mammae. The tarsal 
(Mei^Jomian) glands also are modified 
sebaceous glands. 

• Boils (and carbuncles) start in«^hair^ 
follicles and sebaceous glands and are 
therefore possible, indeed common,* in 
the vestibule of the nose and outer part 
of the* external auditory meatus. 

’Sweat Glands are present in the skin 
of all parts of the body (red of the lips and 
glans penis excepted). They are simple; 
tubular glands. The secretory part is 
coiled to form a ball (0.3 to 0.4 mm. in 
diameter) situated in tlie fat of the deep- 
est part of the dermis. The duct runs 
tortuously through the dermis, enters 
the epidermis between two papillae, and 
•proceeds sphally to the skin surface. In 
the stratum corneum it is represented 
merely by a cleft between the cells. 
The resemblance to the “intestines of a 
fairy’’ was fancifully suggested by Oliver 
Wendell Holmes. The ceruminous 
glands in the outer parts of the external 
auditory meatus and the glands of Moll 
on the margins of the eyelids are modified 
^‘disintegrating” sweat glands.* In the 
axilla, about the external genitals, and 
around the anus are long, large (3 to 5 
mm. in diameter) “disintegrating” sweat 
glands that produce an odour. They 
are spoken of as “sexual skin glands’’. 

Sweating lowers the .temperature. In 
man at rest, sweating is*observed to be^n 
abruptly when the body temperature is 
elevatgd as much as 0.2 to 0.5°F. This 
is due to the action of the heated blood 
on the brain centres; and therefore does 
not occur in the distribution of ’a periph- 
eral ne^’c that is severed. Nervousness 
and fear /cause a profuse emotional, 
sweatingite the forehead, palms and soles 
and is associated with pallor. It is odd 
th^t, though ajveat glands are supplied 


by sympathetic fibres, adrenalin has no 
effect upon sweating, and that pilocarpine 
promotes sweating and atropine di- 
minishes it. 

Sweat glands are excretory organs — 
accessory to the kidneys. The salt taste 
.of sweat is due to sodium chloiide. The 
normal sweat secretion is important in 
keeping the thick horny layers of ^ the 
paling and soles supple, and it increases 
the frietjon between the skin and an 
object grasped. In dogs, sweat glands 
are confined to the foot pads; so, being 
unable to sweat, dogs pant. 

Vessels. The vessels for the supply 
of the skin run in the subcutaneous fatty 
tissue. From these the dermis receives 
two arterial plexuses: one is deeply 
seated near the subcutaneous tissue; the 
other is in the subpapillary layer. This 
sends capillary loops into the papillae. 
The returning blood ptisses through sev- 
eral layers of thin-walled subpapillary 
venous plexuses, thence through a deep 
venous plexus, and so to the subcuta- 
neous veins. Arterio-venous anas- 
tomoses, which are sometimes open and 
sometimes closed, connect some of these 
arterioles and venules. The arterial 
plexuses ^send twigs to the fat, sweat 
glands, sebaceous glands, hair papillae 
and hair follicles. 

The natural suffused redness of the 
skin is due mainly to the subpapillary 
venous plexus. This is demonstrated by 
pressing a glasf slide against the skin 
while observing with the microscope: 
pronounced palloi develops at the mo- 
ment the subpapillary venous ^plexus col- 
lapses and long before the capillaries 
empty. 

The lymph vessels of the skin form a 
plexus at the junction of the dehnis and 
“hypodermis” (i.e., subcutaneous fatty 
tissue. ) This plexus receives blind finger- 
like vessels (or networks) from the papil- 
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lae and it drains into lymph vessels that 
accompany the subcutaneous arteries 
and veins. , 

Nerves. The cutaneous nerves have 

(1) efferent autonomic fibres for . the 
supply of: the blood vessels, arrectores 
pilorum, swreat and sebaceous glands, and ^ 

(2) afferent somatic fibres of general 
sensation, namely touch, pain, heat, 
colcf, and pressure (fig. ^7). 


to the joints of the fingers and toes travel 
via the cutaneQps,neryes. 

Superficial Fascia 

• Superficial fascia orliypodermis is*a sub- 
►cutaijcous layer of Loose Areolar Tissue 
whidh unites the corium of the skin to tfie 
underlying deep fascia. , It consists of (a) 
bundles of ^^hitc or collagenous fibres 
which, by branching and uniting with 


Whilrc, colla.5eTvou.s fibres 

I Yellow, elastic Fibres 


Fibro- 
cartilage 


Tendon 

and 

ligament 



f Adipose 
tlssLie 


Blast ic 
tissue 
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and 


aponeurosis 


Areolae Connective tissue cell 

Fig. 52. A diagram of areolar tissue demonstrating that its 4 ingredients when mixed in dif- 
ferent proportions form other tissues. 


As figure 51 indicates, free fibres end 
between the cells of the germinative 
layer (and intra-epidermal injections 
may cause pain), and around the hair 
follicle and beside it (probably touch 
fibres); tactile coi*pu§cIes occupy occa- 
sional papillae (for touch) ; Pacinian 
corpuscles lie in the superficial fascia and 
are plentiful along the sides of the digits 
(for pressure). The anatomical basis 
for heat» cold, and pain is not yet deter- 
mined; there are heat, cold, and pain 
“spots'* which some believe to be fixed 
spots, but« others do not. The nerves 


other bundles, 'form an open webbing, 
filled with (b) tissue fluid; (c) a slender 
network of yellow elastic fibres, and scat- 
tered amongst all this lie (d) connective 
liosue cells (fig. sk). Wiion areolar tissue 
is exposed to the air, the tissue fluids 
ra>pidly evaporate with consequents drying 
and shrinking. Fortunately, the addi- 
tion of ap (antiseptic) saline solution will 
restore to areolar tissue its original fluffy 
texture, but once other tissues have be- 
come dry and shrunken they remc^n so. 

Areolar tissue* is derived from those 
portions of mesoderm that remain after 
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bones, ligaments, tendons, muscles, and 
vessels have taken form. ^It is, therefore, 
not confined to the su?)cutaneous fascia 
but is diffusely spread; for example, 
it fonhs the sheaths of muscles, vessels,* 
nerv'es, and viscera, and it fills up^ the • 
spsfces between them; it forms the Basis 
of the mucous, .submucous, arid sijb- 
serous coats of the hollow* viscera; the 
serous t membranes (i.e. peritoneum, 
pleura, pericardium, and tunica vaginalis 
testis) are but areolar membranes lined 
with flat mesothelial cells. * 



Fig. 53. An Intermuscular septum passing 
from deep fascia to bone. 

An'oJar tissue' is polontially Adipose 
Tissue or fat, and \\liei(‘Vor nreol-ir liss\i( 
occurs, there fat also may occur. 'Die 
fat accumulat('s in the coniu'c'live (i.v.Mie 
(‘('11s. Fat is fluid pi body temperature 
but, because each drop of fat is linprisopcd 
in a cell, it does not {i,ravilat(‘ to lower 
l(3V('Is or flow’ fnjm a wound. 1’he sii'pei*- 
fi(*ial fascia practi(‘ally everywhere con- 
tains fat e.xcept in the eyelids, exterrfal 
ear, penis and scrotum, and at the flexion 
creases ^)f the digits. In the' palms arid 
soles it forms a proteetive cushion ; here 
and still moie so ill tlie breast a/id scalp 
it is looilated (Jig. 62^^). It is most abun- 
dant in the buttocks. In the female fat 
is most exjdnsively deposited in the glu- 
teal and lumbar regions, front of the 
thigh, anterior abdominal wall below the 


navel, mammae, postdeltoid region and 
cervico-dorsal regions. 

Adipose oi; fatty tissue, as mentioned, 
is modified areolar tissue, ahd is notably 
present in the superficial fascia, the sub- 
serous layer of the abdominal wall and 
trie peritoneal omenta and ligaments. 
It covers parts of the urinary tract (e.g. 
kidney, ureter, sides of the bladder), but 
it leaves free the gastro-intestinal tract, 
liver, spleen, testis, ovary, uterus, and 

r 



Fig. 51. Demonstrating the function of a 
retinaculum (annular ligament). (After An- 
dre.as Vesalius — Do Human! Corporis Fabrica, 
1568 editwn: first published fn 1543.) (By the 
courtesy of the Toronto Academy of Medicine.) 

lung. It ts odd, then, that it should be 
present in the sulci of the heart. There 
is no fat within the cranial cavity to 
dispute possession with the brain, nor 
within the dura mater covering the spinal 
cord. The eyeball moves in an oil bath. 

Deep Fascia 

t 

Deep fascia is the membrangus invest- 
ment of the body deep to the superficial 
fascia [Jigs. n2, h4). Like tendons, apo- 
iw'uroses, and ligaments it contains the 
same four ingredients as areolar tissue, 
but in different proportions; and, like 
them, being subjected to tensile strains, 
the white collagenous fibres foi'm parallel 
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bundles; the tissue fluids are at a mini- 
mum; and the cells arc distorted from 
pressure. 

Deep fasci» is best marked in the limbs 
and neck, where it is wrapped around the 
muscles, vessels, and nerves like a band- 
age, the fibres being chiefly circularly 
arranged.* Around the thorax and ab-* 
domen, which require to expand and 
contract, there may be a film of areolar 
tissue but there can be no true deep 
fascia; nor is there any covering flat 
muscles (e.g., Trapezius, Pectoralis Ma- 
jor) since there it would have nd useful 
function; nor on the face, since the facial 
muscles, like the Platysma, arc cutaneous 
muscles. 

The deep fascia sends septa, inter- 
muscular septa, between various muscles 
and groups of muscles (Jig. 

Where deep fascia encounters bone, it 
does not cross it, but attaches itself to it, 
for the simple reason that both have ^ 
common derivation; so, unless some 
muscle during development intervenes 
and detaches the fascia from the bone, 
the two remain attached. At the wrist 


and ankles there are exceptions to this 
generalisation. 

The deep f&dla iS thickened where 
muscles are attached to it, and the direc- 
iion of its fibres takes the line of pull» 
,It is also thickened about the wrist and 
ankifS to form, as it were, bracelets aild 
anklets, called retinacula, which prevent 
the tendons of muscles from bowstringing 

(fig> '> 0 . 

Subcutaneous Bursae are present (u) 
at the convex surface ot joints which 
undergo^ acute flexion, because here the 
•skin requires to move very freely, e.g., 
behind the elbow (olecranon b.), in front 
of the knee (prepatellar b.) and, some- 
times, dorsal to’ the metacarpo-phalan- 
geal and interphalangcal joints; (b) over 
bony and ligamentous points subjected 
to considerable pressure and friction; 
of these, some are constantly present, 
e.g., under the heel (subcalcanean b.); 
others, being acquired or occupational, 
arc inconstant, e.g., those lying superficial 
to: acromion, ischial tuberosity, lig. 
patellae, tubercle of the tibia, malleoli, 
insertion of the tendo cHlcaneus, and head 
of the first metatarsal (medial side). 
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THE UPPER LIMB 

CHAPTER 3 


INTRODUCTION 

•Man is a mammal of tlie Primate 
0r3er. He is a biped and he walks erect. 
His upper limbs are free and are' adapted 
to purposes of prehension and not of 
locomotion like the forelimbs of the 
quadruped. They articulate with the 
trunk at one .small joint, the- sterno- 
clavicular joint, of their respecti\'e sides. 
They possess great range of mo\'empnt. 
His lower limbs ha\e no such freedom. 
They have to bear the weight of his 
body when he walks, ruiis, jumps, and 
stands. Accordingly, they are united 
behind to the vertebral column at the 
sacro-iliac joints, and in front to each 
other at the symphysis pubis. The 
security the lower limbs enjoy is in the 
upper limbs sacrifleed to mobility.’ 

The bone.s of the upper limb .arc serial Ij^- 
homologous with those of tlic lower 
limb. The corresponding parts are 
shown in table 1. > 

The clavicle or collar bone devclojss in 
the membranous tissues deej» to the skin 
and has a different morphological history 
from the pubic bone which develops in 
cartilage. Strictly speaking the clavfcle 
is not represented in the lower limb, nor 
is the pubic bone in the upper limb. 
They have, however, somewhat analagous 
functions to perform. 

Although it is generally held that the 
upper and lower limbs are serially 
homdlogoiH, the thumb corresponding to 
the big toe, the radius’ to the tibia, and 


the ulna to the fibula, another view has 
been advanced, namely that the upper 
and lower limbs are symmetrically homol- 
ogous. This means that just as the two 
sides of the body are symmetrical, the 
upper limbs being mirror images of each 
other, and the lower limbs of each other, 
so the two ends of the body are sym- 
metrical (biterminal) in so far as tlie 
limbs are concerned, the upper limb being 
a mirror image' of the lower limb; the 
olecranon , corresponding to the patella; 
the thumb to the little toe; the radius 
to the fibula, etc. 

In embryonic life the thumb and the 
radius,, .and the big.toe and the tibia are 
situated on the cranial or head side of the 
central axis of the re.spective limbs and 
aie Sflid to be pi'c-a.viul, wliereas the fifth 
finger q,nd ulna, and the fifth toe and 
fibula lie on the caudal or tail sidaof this 
axis and are said to be post-axial. The 
palms of\he liands face each other, and 
so do the soles of the feet. Even at 
birth a baby .might clap the soles of its 
feet almost as readily as the palms of its 
hands. The upper and lower limbs 
undergo rotatiop in opposite directions; 
the thumb by rotating laterally brings 
the j)alm of the hand to the front, whilst 
the big toe by rotating medially brings 
the sole of the fo«t to the ground. The 
thumb and forearm can voluntarily be 
taused to rotate medially, as, for example, 
when ydu let the palm of the hand rest 
on the knee., In this position the distal 
parts of 'the upper and lower limbs come 
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to occupy equivalent positions, and it The clavicle has an enlarged medial end 
becomes apparent that the dorsum of which articulates with a shallow socket 
the hand corresponds to the dorsum of formed by tfie* steAium and first rib 
the foot, the back of the forearm to the cartilage. A strong articular disc pre- 
front of the leg, the elbow to the knee, • vents the clavicle * from being • driven 

and the back of the arm to the front of • medially on to the sternum. This is in 

• 

• TABLE 1 


UrPVBUMB • LOWBBZJlfB 


Pectoral 

girdle 

f Clavicle 

1 Scapula 

with coracoitl process 

(Pubis) 

Ilium 

j Ischium 

• 

Pelvic 

girdle 

Arm or 

Brachium 

ITiimenis 

• • • 

! • Femur 

Thigh 

P^orearm or ^ 

Antebraohium 

fRadiu-> 

tUlna 

Tibia 1 

P'ibula . ; 

[ Leg 

1 

Hand j 

1 

'Cari)al bones 

Metacarpal bones 1 

Phalanges ' 

Nt *or Proximal 1 

1 2nd or Middle 
[ 3rd or DitAal 

. Tarsal bones 

Metatarsal bones 
PhalaTiges 

1st or Proximal 
2nd or Middle 
3rd or Distal ] 

► P"oot 

> 


the thigh. The girdles are not involved 
in this axial rotation. 

Mooring Muscles {Juf. uo ), Tlie upjK*i 
limb is moored to the head, neck and 
trunk by muscles, ^^llieh may be likeiu^d 
to guy ropes, ^d'he ciiief are: Trapezius 
which pulls the limb up^^ards; tlie Lati^- 
bimus Dorsi and IVctoralis Major which 
pull it do\v awards; the Serratus Anterior 
vhich pulls it forwards; and the Hhom- 
boids which (with the Trapezius) pull it 
backwards. 

Lines of Force Transmission. TJie fol- 
lowing fundamental points should be veri- 
fied by reference to *the skeleton and 
figure 56. ^ 

The clqvicle is a strut tliat thrusts the 
scapula laterally apd backwards. It 
does so through the medium of a strong 
ligament, the coraco-davicular. If this 
ligament holds the scapula (and the jest 
of the limb with it) away from the 
median plane, its fibers should pass 
downwards and medially; and they do. 


l rapes vus 



^ Pectoral** 

Latissim-us’ 

Dorsi 

P’lG. 55. The upper hmb is moored to the 
body by muschvs • 

virtue gf its diagonal mode of attachment 
to the clavicle above and first rib cartilage 
below. The lateral end of the clavicle 
is not enlarged; it does little moije than 
make contact with the acromion, the 
coraco-clavicular ligament being the es- 
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sential bond of union between the clavicle 
and scapula. 

At the shoulder joint i1h^ rounded head 
of the humerus makes side to side contact 
with the diallow ^renoid cavity of the® 



scapula: TJie shoulder joint is more com- 
monly dislocated than any other in the 
body. €» Tl^jjioveihanging coraco-acromial 
arch (j.e., acromion, coraco-acromial liga- 
ment, and coracoid process) forms a hood- 


like roof, which prevents upward disloca- 
tion of the humerus. The lower end of 
the humerus articulates wdth the ulna and 
radius. 

The ulna is enlarged above and taper- 
ing below; the radius is tapering above 
and enlarged below ; and, the two are 
united by a strong intcrosavous membrane. 
Clearly, at the elbow joint the idna is 
more important than the radius;* at 
the wrist joint the contrary is tme. The 
enlarged lower end of the radius artic- 
ulates with two carpal bones, namely, 
the scaphoid and lunate; but the ulna 
is separated from the carpal bones by 
an arti(‘ular disc that binds the radius 
to it. 

1. Aii impact, the result of, say, a 
fall on the palm of the outstretched hand, 
is transmitted by the scaphoid and lunate 
bones to tW radius; the radius through 
an interosseous membrane, transfers part 
of the force to the ulna. To effect this 
transference of force the fibers of the 
membrane obviously must pass down- 
wards and medially from radius to 
ulna. Thence the force travels up the 
humerus (a) to the overhanging coraco- 
aeromiaf arch against which the upper 
end of the humerus abuts and (b) in 
part across the glenoid cavity to the neck 
of the scapula, and up the coracoid 
process. If the force is sufficient to 
overcome the lower mooring muscles, 
the acromion and coracoid are driven 
upwards and the strut (i.e., the clavicle) 
may snap, because the extent to which 
it can rise is lii^ited by the costo- 
clavicular ligament which bipds it to 
the 1st rib cartilagQ. 

2. When force is applied to the side 
of the upper end of the humerus, the 
coraco-clavicular ligament prevents the 
scapula from being driven medially. 
This it does in virtue of the direction of 
its fibers. 
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3. The force of an impact on the 
acromion is transmitted along the entire 
length of the clavicle and jmay result in 
fracture of the clavicle or in dislocation 
of the acromio-clavicular joint. 

PECTORAL REGION AND AXILLA 

The axilla is the pyramidal space 
above the arm pit. It has four walls, an 
apex, and a base. The (interior wall is 
fleshy anfl is formed by the Pectoralis 
Majoi^and two muscles that lie behind it 
enclosed in a sheet of fascia, called the 
cUmpectoral fascia. This wall is practi- 
cally synon 3 miou 8 with the Pectoral Re- 
gion, whi^, however, includes the medial 
part of the Pectoralis Major *and the 
breast or mamma superficial to it. The 
posterior wall is fonnod by the scapula 
overlaid by the Sub'^capulari.^ and below 
this by the liatissimus Dorsi and Teres 
Major. When the arm is abducted, the 
thick fleshy lower borders of the anterior 
and posterior walls, can be grasped be- 
tween the fingers and the thumb. The 
ancerior and posterior walls diverge me- 
dially and converge laterally; so, the 
medial wall is expansive and t|;ie lateral 
wall •restricted The medial wall is 
formed by the upper ribs (2nd to 6th) 
covered by the Serratus Anterior; it is 
easily palpated. The lateral wall is the 
bicipital groove of the humerus. It 
lodges the long tendon of the Biceps, and 
its lips give attachment to muscles of the 
anterior and posterior' walls. The base 
is the skin and fascia of the arm pit. 
The truncated apex is*the triangular space 
bounded by three bones — the clavicle, 
the upper border of the scapula, and 
the first rib. The contents: The great 
vessels ^nd nerves of the upper.limb pass 
through the axilla on their way to the' 
distant parts of the limb. They are the 
chief contents; the others being lymph 


glands and fatty tissue, the two heads of 
the Biceps, and the Coraco-brachialis. 

Landmarks/ iThe Pectoralis Minor is 
for your purpose the central landmark of 
•this region. To it* the axillary Vessels 
and^the branches of the brachial plexus 
besPr such definite relationships that,* if 
(i\ any time you become uncertain or 
confused as •to the relation one axillary 
structure bears to another, it will be to the 
Pectoralis Minor that you turn in order to 
get your orientation anew. For this 
reason tt is desirable to have a clear and 
vivid mental picture of this muscle. 

Tlic Pectoralis Minor (Jig. o7) extends 
from the (2nd),. 3rd, 4th, and 5th ribs, 
where bone and cartilage join, to the me- 
dial border of the coracoid proce.ss near 
its tip. The tip of the coracoid process 
lies one inch below the (‘la\ ^cle under shej- 
ter of the anterior edge of the Deltoid. 
To palpate it in the living subject, you 
should p]a(‘e youi index linger in the gap 
between the Deltoid and Pectoralis Ma- 
jor, known as the infra-cla-vicular fossa or 
delto-pcctoral Irianyh , and pn*ss firmly not 
backward.s, but laterally undcM’ the Del- 
toid ^s edge. 

In locating the origin of the Pectoralis. 
' Minor from the 3rd, 4th, and 5th ribsJ 
remember’ that tlie only certain way of* 
identifying any rib lies in reckoning from! 
the eternal angle which is at the level 
tile 2nd costal cartilages. Place therefore 
yoiir index and middle fing(us, one above 
the other, on tl’ic sternum and run them 
(h)W’n tlu' middle line of the bone until, 
about two inches b(‘low’ the suprasternal 
rfotch (jugular notch), you cncoAntor the 
transverse^ ridge w4iich indicates where 
the maiiubrium and body of the sternum 
artieiilate with each other. This is the 
sternal angle. With one finger Above the 
ridge and the other below, follow the 
ridge laterally to the 2nd costal cartilage. 
Emplo 3 'ing the same two fingers you may 
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readily palpate the 3r(l, 4tli, and 5tli The Clavicle^ though almost visible 
cartilages through the Mibstance of the through the skin, is not merely subcu- 
Pectoralis Major. Travel along what tan ecus but ajso sub-platysmal, because a 
you estimate to be the length of the 3rd thin elastic sheet of muscle, the Platysma, 
costal cartilage, say* two inches, to the* descends from the neck to the level of the 
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Fig. 57. The Pectmahs Minor — the key to the axilla. 


costo-chondral junction. By joining this 
point to the coracoid proce.ss you define 
the upper border of the IVctoralis 
Minor; similarly by joining the 5th rib 
near its cartilage, say 4] inches from the 
median plane, to the coracoid process 
you map out the lower border of this 
triangular muscle. 

The CoRAciiD Pkockss (Gk. Korax == 
a crow,*^i.e., a crow’s beak) might more 
aptly be called the digital process (fig. 
because it resembles a finger— a bent 
finger — in having 3 segments or phalanges, 
one being- vertical and two horizontal, 
separated Iw two knuckles and in being 
flattened aOhe tip, where the nail might 
be. (For attachments fig 175.) 



Fkj. 5S. Tlie forauoid i)roce88 resembles a 
bent finger. 


2nd or 3rd rib and intervenes between the 
clavicle and the skin. It is the Platysma 
that allow,s the skin to move so freely over 
the clavicle, and its looseness and elas- 



THE UPPER UMB 


81 


ticity usually saves a fractured clavicle 
from penetrating the skin. The Pla- 
ty sma is superficial even to the cutaneous^ 
n^veSj^ th^ supra>clavicul& ^nerves, tliat 
cross^m front of, or sometimes pier(*o, tlie < 
clavicl£i.,C/«Sf. 59) and descend to the level^ 
of the second intercostal space (See page 

no,/w7.*pi). 

The clavicle is thrice unique : (1 ) among 
the bones of the body, in being the first 
to begin to ossify; (2) among the bones 
of the lifiibs, in lieing occasionally pierced 
by a cutaneous nerve, and (3) in develop- 
ing, primarily, not from cartilage but* 
from the tissues deep to the skin; for 



which reason it is sometimes known as a 
dermal bone. 

You can pari)ate the clavicle Trom stci- 
nal (uul to acromial end because a linear * 
strip to which no muscle is j^ttacJied ex- 
tends the whole length of its superficial 
aspect. This strip lies between the at- 
tachments of the Stm’no-mastoiil and 
Trapezius above and of the Pe(^t oralis 
Major and Deltoid belOw. 

(The clavicle is de^.ribed on p. 804.) 

Two Triangles. At their attachments 
to the sky 11 the Sterno-mastoid and Tra- 
pezius are continuous^ with each other, but 
below they diverge, leaving the middle 
third of the clavicle free. The triangular 
space so-formed is the posterior, triangle of 
tlie neck. In the same manner the Pec‘ 
toralis Major and Deltoicf arc .continuous 
with each other below at their humeral 


attachments, but above they diverge 
slightly (half-an-inch) from each other 
and form wftlf th^ clavicle the delta- 
pectoral triangle, which is situated just 
, medial to the coracoid process. The cla- 
vicular portions of these two muscles have 
a jfommoii action, namely that of flQTfing 
and adducting the shoulder as when rais- 
ing the arn^ in boxing, pushing, or lifting 
the luind to the mouth; and, both derive 
their nerve supply from the same seg- 
ments, 5th and Gth cervical. The delto- *; 
pe(*toijil triangle allows of the passage of ^ 
the cephalic vein, its acicompanying artery ’ 
(the deltoid), and lymph vessels. 

Walls. From the general description 
given on page 70, it is evident that one 
wall is bony; one muscular; two consist 
of bone overlaid with muscle. I'he mus- 
cles have a blood supply and a nerve 
supply wfiich are to be regarded as infe- 
gral parts wf the walls. The obvious 
approach to the axilla is through the 
fleshy anterior wall and tlirough the fas- 
cial base. 

, Thk .\n TEUion Wall. The Pectora- 
lis Major has a clavicular and a sternal 
head of origin (figs. 57, 61, 68). The cla- 
vicular head arises in line with the Deltoid 
from the anterior asj^ect of the clavicle 
below the subcutaneous strip. The ster- 
nal hea4 meets its fellow of the opposite^ 
side aloiifg the midlinc of the body of the 
sternum'; it curves upwards and laterally 
across the manubrium sterni to the sterno- 
clavicular joint where it meets the cla- 
vicular head; and it curves downwards 
and laterally along the (5th) or Gth costal 
vartilage. The two heads havie, there- 
fore, a continuous curved fleshy origin 
from clavicle, joint, sternum, and under- 
lying cartilages. The muscle increases 
its origin below,, not by arising from rib 
or cartilage, for none is availabje (the 
Rectus Abdominis and Obliquus Extemus 
Abdominis having monopolized them), 
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but by gaining attachment to the ICxter- 
nal Oblique aponeurosis in front of the 
Rectus. Again, since the* muscle meets 
its fellow in the median plane, it obviously 
could not- even if il* would— increase its, 
origin medially unless a bony keel were to 
develop from the sternum, as liappeii^s in 
birds of flight that have need of powerful 
wing muscles. 

’ TIk* Pecto ral^ JM ajor is inserted by 
means of a tfilaminai* aponeurosis into 
th(* lateral lip of the bicaphal groove of 
(lie humerus. 'J"his lip extends upwards 


ments it is obvious that all* parts of the 
Pectoralis Major adduct the humerus and 
rotate it medially. If, whilst palpating 
your Pectoralfs Major, you pjut the radial 
side of your closed fist under the edge of a 
heavy table and try to raise it, you will 
fin/4 that the cla\^ular part of the muscle 
ffonu's into action. If, now, yoil put the 
ulnar side of your closed fist on the stable 
and press downwards, ^''ou will find that 
the sternal part (iomes into action. This 
indicates that the clavicular paH aids in 
flexing the shoulder joint (i.e., brings the 
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Fig. TjO. The upper half of the Pectqralis Major has been removed to show the cephalic vein. 


from iJie deltoid tuberosity to the front 
of the greater tuberosity 'fhe 

clavicular part of the muscle is inserted 
by means of an anterior lamina, which 
blends somewhat with the middle lamina 
l^ehind it. The sternal ' part is folded 
upon itself to form a middle and a poste - 
rior lamina, continuous with each otlun* 
below. «^J'hus, the upper sternal fibres 
pass to the middle lamina; the lower ster- 
nal fibres and those from the l^xternal 
Oblique. pass to the posterior lamina, and, 
since the lowest fibres of origin become 
the highesyipbres of insertion, the lo\ver 
border of the muscle is rolled. 

Actions, On considering its attach- 


humerus forwards) and that the sterna 
part aids in extending the joint (i.e., 
brings the humerus backwards). 

The Cephalic Vein. If the clavicular 
head of the Pectoralis Major be cut 
througl: half-an-inch below' the clavicle 
and parallel to it 'and thrown dow'n, the 
cephalic vein (fig. 60), w'hich lies in the 
furro\v between the Deltoid anici the Pec- 
toralis Majpr, may^ followed through 
the delto-peetoral triangle, across the an- 
terior aspect of the Pectoralis Minor, and 
through the costo-coracokl membrane to 
its termination in the axijlary vein. In 
following it, cm;;e need be taken of one/ 
structure only, thp to the j 
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he ad of the Pectora li^fajor, for this nerve 
cro^s ei^er^upcrficlally deej ) to the ^ 
/.ceghalie vein, \\lien crossing sup erfi- 
'eialj^it is apt to be injiire37 
The significance attached to the ce- • 
phalic vein is two fold: fl) i^is the largest, 
vein in the limb, still o^n, when the lAore 
distal parts of the axillary vein are ligated 
or obstructed by other means; and (2) it 
serves as a useful guide to the first part 
of the axillary artery, for the following 
reason : the axillary art(‘ry is*overlapped 
and almost eoiieealed by the axillary 


Minor — occupy the same plane and with 
the Pectoralis Major, which lies in front 
of them and ^entirely conceals them, 
constitute the anterior wall of the axilla. 
The Posterior Wall of the* Axilla 
is formed from above downwcords by the;* 
SuBsQapularis, Teres Major, and 
simus Dorsi; the scapula being the back- ' 
ground (//>. f>2). These three muscles^ 
are attached to the huftierus by tendons 
and, therefore, to bony, elevations > the 
Subscapularis to the lesser tuberosity, 
the Teres Major and Latissimus Dorsi* 


vein; so, if tlic cephalic vein is* followed* 
to the axillary vein, and the axillary vein 
is then displaced infero-medially, the 
artery will be exposed. If, hoxVever, the 
arm is fully abdiic-led, it may not be pos- 
siblc to displace the vein until' either (a) 
the elbov' is raised from the table (i.e., 
shoulder partially fl(?xed) or (b) the arm 
•is brought towards the side (i.e., shoulder 
adducted), for both movements relax 
the vessels and the nerves. 

Costo -coracoid Membraiije. This 
membrane is so-called because it extends 
Irom the 1st and 2nd costal cartilages 
medially to th^ coracoid process laterally. 
It is^part of a larger fascial sheet, the 
clavi-pectoral fascia (fig, which extends 



vertically from the clavicle aibove to the 
dome of the axillary fascia below. It 
acts as a suspensory ligament for the 
axillary fascia, maintaining its dome-like 
form. This clayi-pectoral fascia splits 
below to form a sheath for the Pectoralis 


to the .medial lip of the bicipital groove 
(intertubercular sulcus) that descends 
from the lesser tuberosity. Near its 
insertion the flattened tendon of the 
Latissimus Dotsi winds below the Teres 


Minor, and above toTorm a sheath for 
the Subclavius; it ^ds to the portion 
between ..these two muscles that the 
terrn coato-coracoid yierribrane is given. 
This fascia is responsible for the sharp 
lines (anterior and posterior borders of 
the clavicle) that bound* the subclavian 
fossa on the u^der surface of the clavicle.' 

These three—the Subclavius, the costo- 
coracoid membrane, and the Pectoralis 


Major and comes to lie in front of it. 
Though the Latissimus Dorsi forms the 
greater part of the lower border of the 
posterior wall of the axilla,^ it is the 
Teres Major that forms the most lateral 
part of this lower border becaust).its inser- 
tion extends slightly below tbrat of the 
Latissimus. During a dissection, the 
■ 

1 Actually the tendon of the Latiaeimufi is 
inserted into the floor of the groove. 
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lowor border t)t* \\u\ Ljiti.shimiis (but not 
of tJic Teres) should be de lined and 
eleaned early bei'au.s?' it lorfns an impor- 
tant side of the ‘'picliiio irame’’ of this 
region; 'and the nerf(* and (‘om])anion 
vessels of this large and important miisele 
shol'ikl be jd(*ntitied, because they aix^in 
danger. 'I'Jiey enter th(‘ deep surface of 
tlie niuscJe half-an-inch from i.^s border at 
the nii<l point Ix^tween the eh(‘st wall and 
the abducted liimierus. 


□ 5PACE&CIRCUMFLEX N. 



Fig. tri. The posterior wall of axilla 


is attached to the lateral lip of this groove, 
it follows that the lateral wall of the 
axilla is the narrow interval between 
these two lips."' It is called the bicipital 
i groove because it lodges the tendon of the 
long head of the Biceps. 

The Medial Wall of the Axilla 
is' formed by the ribs and intercostal 
muscles co\’er(‘d with Serratus Anb^rior- 
Thc Narv h) fhv Scrrafiis (the long th*^. 
lacic nerv(‘) is oik‘ of paramount im- 
portance. *It must not be damaged, for 
the Serratus is the chief muscle to pro- 
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Fig (13. 'J'he .-i-villa on transverse section, 
showing the 4 walls and the contents. 


If the Subscapulans \hi scjKirati^fi 
from the Teres Major, a long triangular 
space, whose third i?ide or base i.s the 
surgical neck of the huinerus, will be 
opened up. In its depths the long head 
of the Triceps Brachii will be seen. 
This head of the Triceps subdivides thi*^ 
long triangular space into a small, 
unimportant, medial triangular span 
and an Important, lateral quadrangular 
space (page 103). 

Lateral Wall of the Axilla.. Since 
the 3 muscles of the posterior wall of the 
axilla are attached to the lesser tuberosity 
of theihui^prus and to the medial lip 
of the bicipital groove {jig. 03) , and since 
the Pectoralis Major of the anterior wall 


iracjl or })ull forwards the siaipula, as 
wlaai pu.shing {jig. G { ). If it is paralyzed, 
attempts to raise the arm in front of tlu' 
body largely r(\siilt in causing the inferior 
angle of the scapula to project from tlu' 
back. Tlic nerve is to be found running 
vertically a litth* Ixdiind the mid-axillary 
line. It is directly applied to the Serra- 
tus Anterior and in its course it gives off 
twigs to it. 

Vessels. -The gicat vessels and nerves 
are (mveloped in a thin tube, the axillary 
sheatliy derived from the fascia covering 
the Scalene mus(?Ies (jig. 629). lo pass- 
ing from the neck to the axilla they 
traverse a triangular space whose patency 
is maintained by 3 liones — the clavicle, 
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the first rib, and tlie upper l)order of the 
scapula. As they descend through the 
axilla they pass from its nrjp(li«al to its 
lateral wall. • 



Fkj. ()'4 'l’}i<‘ S('it;i(\is Anterior 


The Great Arterial Stem of the, limb is 
referred to as the subclavian artery until 
it reaches the lower border of the first rib. 
From there to the lower bordfer of the 
Teres Major it lies within the axilla and 
is known as the axillarjy artery. On 
leaving the axilla to enter the upper arm 
or brachium it becomes the brachial artery. 

The Pectoralis Minor ^conveniently di- 
vides the axillary artery into three parts, 
1st, 2nd, and 3rd Of these, the 

1st part traverses a fatty space; the 2nd 
lies close behind the Rectoralis Minor a 
finger’s breadth from the tip of the 
coracoid process; the 3rd and longest part 
crosses the three posterior fnusclps of the 
axilla near their insertions. . 

On voluntarily forcing your back- 
wards and tlownwards you compress the 


artery between the first rib and the clavi- 
cle and so arrest or diminish the radial 
pulse at the wrist — a tri(‘k known to old 
soldiers — or rather, the clavicle forces 
tfie Subclavius, which is inserted* into 
its inferior surface, against the artery. 
.Fn fiifct, in the event of the clavicle being 
fractured the Subclavius serves as a 
buffer to protect the great vessels and 
iKUves from ilie ragged ends of tho l)or>e. 
This is tlie main advantage that accrues 
from possessing this ral lun* insignificant 
inuscl(\ • 

The relations of the artery to the nerves 
are considered on page SS. 

Branches. Braiichcs arise from the 


3 parts of the artery, as follows: 

1 from the 1st-- superior thoracic. 

^ ^ , facromio- thoracic, 

2 from the 2n(l < , ^ , , . 

1 lateral thoracic. 

3 from the Srd — 


{ subsca|5ular, 

posterior humoral circumflex, 
anterior humeral circumflex. 


The first 3 branches are distributed 
mainly to the anterior wall and adjacent 
part of the medial wall; the last 3 to the 
posterior wall and adjacent parts of the 
medial and lateral walls. 


The superior thoracic a. helps to supply 
the upper two intercostal spaces. 

The acromio-ihoracir a. arises at the 
upper bonier of the Pectoralis IVIinor, 
pierces the costo-coraooid membrane, and 
divides into four branches which radiate 
in the plane between the clavipectoral 
faScia and the Pectoralis Major. Its 
main duty is, of course, to supply the 
Pectoral Muscles ; accordingly K large 
pectoral branch descends l^etween the 
Major and Minor and’ supplies them. A 
deltoid branch a(;companies the cephalic 
vein; an acromial branch anastomoses 
on the ui)per surface of the acromion*, and, 
a clavicular twifi; runs to the sterng- 
clavicular joint. 
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The lateral thoracic a. arises at the 
lower borclef of the IVctoralis Minor, 
and follows it to the che.st wall. 

The 3 branches of the 3rd part of the 
axillary artery arises singly or together 
about the level of the surgical neck pf the 
liilmcrus, that is, between the lower 
border of the Subscapularis and .the 
upper border of the Terhs Major; or, 
because these structures form three 
sides of the quadrangular space, the three 
branches may be said to arise in front of 
the quadrangular .space {fig. h%, Em- 


quadrangular space with the circumflex 
(axillary) nerve; the 2nd joins the nerves 
to the Subscapularis; the 3rd follows the 
n(‘r\'c to the Teres Major; the 4th follows 
the nerve to the Latissimus Dorsi; and 
the 5th or terminal branches end on the 
eh(*sl w all where they meet the nerve to 
the 8(‘rratus Anterior. [It may be noted 
that the inuseles supplied by these live 
nerves belong developmentally to the 
dorsal or extensor aspect of the limb.] 
It is through tlie anastomoses that this, 
mu(*h the largest of all the branches of 
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boli or blood clots expelled from ihe heart 
during life are apt to lodge at this .site, 
because beyond it the diameter of the 
main vessel is much reduced in caliber. 

The subscapular a. is, I he artery of the 
posterior wall, and it follows the lo\Ver 
border of the Subscapularis to the medial 
wall, sends a large branch, the dir- 
cumfle.v scapular a., to the dorsum of 
the scapula by way of the tdangular 
space. • Its other brandies accompany 5 
important motor nerves (fig. 66) : the 
1st — lissuijlpig the posterior humeral cir- 
cimflex a. to spring freftn its root, which 
it commonly does — passes through the 


the axillary arteiy, makes on the chest 
wall, around (ho scapula, and about the 
shoulder region, that the circulation in 
the limb is maintained after the 1st or 
2nd part of tlie, axillary artery has been 
ligated (Jig. 76). The circumflex hu- 
meral arteries encircle the surgical neck 
of the humerus. The anterior humeral 
circumflex a. is but a twig that spreads 
out in the bicipital groove. 

The Axillary Vein lies on the medial 
or concave aide of its artery, but it over- 
laps and conceals the artery when the 
arm is abducted. It Jhffjgng^at^ lowe r 
border of the Teres Major^ is th^ coa- 



THS UPPER L^B 


87 


tinu ation of theT:)asilic vein j^ and it ends 
at the lower border of the first rib as the 
subclavian vein. 

Tributaries, In additioif to receiving 
tributaries corresponding to the six 
branches of the axillary artery, it receives 
the. tw’o venae comiianies of the bracWal 
•artery dhd the cephalic vein. It has 
two or three biscupid valves. 

The Brachial Plexus is formed by 
the alternate union and bifurcation of 
nerves, thus: 5 anterior nerve cam^ unite 
to form 3 trunks, which bifurcate to form 
6 divisions, which unite to form .3. cords, 
which bifurcate to form 6 terminal 
branches (fig. 65). Of these 6 terminal 
branches, two soon unite to form the 
median nerve; hence, the plexus may be 
said to begin as 5 anterior rami and to 
end as 5 nerves. 

The brachial plexus is coitetituted as 
follows: The anterior rami of the 5th 
and 6th cervical nerves unite; the 7th 
cer\dcal remains single; the 8th cervicdl 
and 1st thoracic finite. Each of the 
three trunks so-formed divides into an 
anterior and a posterior division. The 
three posterior divisions unite together 
to form a singfe posterior cord.* Of the 
three* anterior divisions, the lateral and 
intermediate* unite to form the lateral 
cord, while the medial continues its 
course as the medial cord. Each of the 
three cords gives off one dr more collateral 
branches and ends by dividing into two 
terminal branches (as shown in te-ble 2) , 
the lateral cord dividing into the mus- 
culo-cutaneous nerve and the lateral 
root of the median * nerve ; the medial 
cord into the ulnar nerve and the medial 
root of the median nerve; and the poste- 
rior cord into the radial and circumflex 
(axillary) nerves. ■ . . 

From a glance at figure it should be- 
clear that the musculo-cCitanjous nerve 
and the li^teraJ root of the median nerve 


can derive fibers from the 5th, 6th, and 
7th nerve segments ; the ujnar nerve and 
medial root of the median nerve from the 
8th and 1st ; the median nerve itself and 
^the posterior cord from each of the five 
segments.* 

r^he medial and lateral cords mjght 
better have been called the “antero- 
mbdial” an^ ‘^antero-laterar' cords in 
order to emphasize the fact that they 
supply all the muscles on the morphologi- 
cal anterior aspect of the limb and that 



Fig. G6. Branches of the subscapular artery 
accompanying five motor nerves. 

they suppl}" no other muscles. The pos- 
terior cord is well named because it is 
destined to supply all the muscles on 
the morphological posterior aspect of 
the limb from the axilla distally, and it 
applies no other muscles. Asp to this 
fundamental fact you should be perfectly 
clear. 

The anterior rami and the trunks of 
the plexus occur in the neck; ‘.the divi- 

* In point of fact their origins are: musculo- 
cutaneous 5, 6, 7f ulnar (7) 8, 1; median .(6) 
6, 7. 8, 1; radial 5, 6, 7, 8 (1); circumflex 5, 6. 
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sions behind the clav icJe; the cords above cross the artery. The jj^osterior cord 
and behind the Pectorali^* Minor; and takes origin behind and remains behind, 
the terminal braiuhes 'distal to it. The 2nd part of the artery may be said 

Relation of Plexus to Autery. to perforate the brachial plexus, because 
These, various paits of the plexus havq the medial cord crossed behind the 1st 
now to be related to the axillary artery, part of the artery and the two roots of 
CoDsider, the plexus emerges from!", the the median nerve unite in front of the 
cer\ical poition of the vertebral column; 3rd part. 

the great artery'' arises alij^iost directly Identifec atiOxV. The medial and lat- 
iroin the heart Clearly, then, the plexus oral cords and their terminal branches 

TABLL 2 


Derivahves oj (he lirarhml /*lexus within the [units of the Axilla 


COBM 

KF 

TERUINAZ. branched 

COLLATERAL BRANCHES 


Mixed (motor and Bensory) 

Motor 1 Sensory 

Lateral 

1. Musculo-^utaneous 

2 Lateral root of median 

1 Clavicular head of Pec- | 
toralis Major' (and upper 
part of sternocostal | 
head) 

Medial 

1 

1. Medial root of median 
Ulnar 1 

* 

1 Sterno-rostal head of 1 Med cutan n. of arm 

Pect Major , 

2 Pectoralis Minor 2 Med cutan n. of fore- 

arm 

Postei ior 

1 

1 Circumflex (axillary) | 

2 I^adial (musrulo-spiral) 

1. Subscapulans 

2 Latfasimus Dorsi 

3 Teres Majoi 


From the musculo cutaneous l 1 ^''oraco-biachialio 


From the radial 1 rriccps (long head) and Post cutan n of arm 

From the 5, 6 and 7 roots of tl e plexus 1 Serratus Antt^rior 

_ I _ 

should at lust be abo\e, behind, and have the ‘rorm of a capital “M”. This 

lateral to the aitery, and d I Observe fact should be utilized in identifying 

that the three cords chance io be dis- them Thus: pick up at random any 
posed around the se< oiul ])art of the large nerve below the level of the Pec- 

axillary artery — the part behind ’the toralis Minor; place a finger behind it; 

Pectoralis Minor — as their names siig- and run the finger upwards till the cord 

gest; that is to say, the posterior cord lies of which it is a terminal branch is 
posteriory; the lateral cord laterally: reached; then pro<;;eed to follow down- 
and tlte medial cord medially, Ob- wards the other terminal branph of that 
viously, it can only be by crossing the cord. If for exapiple, you happen to 
first part of the artery that the medial pick up the median nerve y your finger will 
cord can come to take up a position on be conducted by the medial root to the 
the medial side of the second part of the ulnar nerve and by the lateral. root to 
artery*; VL^jjjn the crossing takes place the musculo-cutaneous nerve, which may 
behind the artery. It is equally obvious then be fdlowed downwards. Similarly, 
that the lateral cord has no occasion to if you happen to pick up the ulnar nerve 



THE UPPER LIMB 


89 


it will lead’ to the medial root of the 
median nerve and so to the median nerve 
itself. So, by running the finger up and 
down behind the limbs *of the M all 
three nerves, as well as the lateral and i 
medial cords from which they arise, can, 
be picked up and identified. The col- 
lateral ftranches also can be found. The 
largest of the collateral branches is the 
rmdial cutaneous nerve of the forearm. It 
and the much smaller medial cutaneous 
nerve of the arm arise from *1110 medial 
cord just before it bifurcates into the 
ulnar nerve and medial root of the median • 
nerve. If these dcri\'atives of the lateral 
and medial cords are held aside, the only 
remaining large rierv e, namely, the radial 
nerve ^ will be identified by this process of 
exclusion. Tiilt'-ss th(‘ fon'going proce- 
dure is follow ('d, that is to say, unless th(' 
museulo-cutaneous, median,* and ulnar 
•nerves are first, idimtified and held aside, 
the radial nerve jnay (‘asily ))e mistakaui 
for the ulnar iK'rvtv 

The ulnar nerve always crosses, in front 
of the subscapular artery, but the radial 
nerve commonly crosses behind it {fuj. 
(!7). 

The identity" of the radial nerve should 
be coinfirmed by following it proximally 
to the lower border of the Subscapularis, 
where it and the circumflex nerve will be 
seen to be the two terminal branches of 
the posterior cord. All three lie behind 
the axillary artery. 

Of the five terminal nerves -of the 
plexus, the circumfiex*nerve alone does 
not run longitudinally, but disappears 
into the gyuadrangular space. And, it is 
difficult to find access to it unless the arm 
can be brought well for\vards, that is to 
say, raised from the table, as by puttmg a 
block under the elbow. This simple Act 
renders all the structures on the posterior * 
wall accessible; and adducting the arm 
renders the great vessels and nerves lax. 


Ample exposure is necessary if the ter- 
minal branches of the plexus are to be 
identified witK *any clegrce of assurance. 

Nerves to theMuscles {fig. 158, p. 172). 
Because the PcctoM Muscles bfilong to 
the anterior wall of the axilla they must 
bo supplied by antcTior cords (i.e., IfPteral 
and m'edial cords). The branch from the 
lateral cord, the lateral peefored nerve 
(lateral anterior thoracic n.) *vas . dis- 
cussed with the cepJialic* vein (p. •82). 
The branch from llie medial cord, the 
mrdiah pectoral nerve (medial anterior 



.Fig. 67. The relationship of the radial nerve 
to the suhscapular artery is variable. Based 
on 360 limbs. In 2.5% of cases the subscapular 
artery ivas erratic in origin. 

thoi'acic n.) pierces the Poctoralis Minor 
and supplies it and the lower half Of the 
Pectoralis Major. 

Because the Subscapularls, Teres Ma- 
jor, and Latissimus Dorsi belong to the 
posterior wall of the axilla, they must be 
supplied by the posterior cord. Two 
(or more) branches reach the Subscapu- 
laris high up; a third supplies its lower 
border and passes on to the Terel Major, 
which it reaches about two inches from 
the humerus when the arm is abducted. 
The nerve to the Latissimus Dorsi is 
readily found on everting the lower bor- 
der of the Latissimus, for it enters the 
deep surface of ihe muscle J inch from 
its border at a point midway between 
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the chest wall and the humerus when the 
arm is abducted. Because the nerves to 
these three muscles* arise from the pos- 
terior cord and run medially, they must 
pass behind the axillary vein to reach 
their respective muscles.. 

The nerve to the Serralus Ankf^or 
takes origin in the neck from the roots 
(5, f), 7) of the plexus, and , because the 
Seri al us is developmen tally a posterior 
muscle, this nerve also passes behind the 
axillary artery (in its first part ) and tlie 
axillary vein. It has been remarked 
already that the nerves to the precetling 
four muscles and also the circumflex nerv^e 
arc accompanied by branches of the sub- 
scapular artery (JUj. ()6). All of them 
belong developmeutally to the liack of 
the limb. 

A combined motor and sensory branch 
arises from tli(' radial nerve just befori* 
it leaves the axilla and wliik' resting on 
the Latissimus Dorsi or Teres Major: 
the motor Iminch supplies the long h((i(f 
of the Triceps;^ the cutaneous branch is 
the posterior ciitaueou.'i 7uir( of the arm 

Observe: (a) that the long head of 
the Biceps is applied to the lateral wall 
of the axilla, which is synonoinous with 
the bicipital sulcus of the humerus, ^ 
and, that the insertion of the Pectoralis 
Major prevents it from being displaced 
laterally, (b) That the combined tendon 
of the short head of the Biceps and 
Coraco-brachialis, which arises from the 
tip of the coracoid proce.ss, also lies close 
to the lateral wall, (c) That the Sub- 
scapularis passes under the arch formed 
by the coracoid process and con j oil? t 
tendon of Biceps and Coraco-brachialis. 
(d) That the three largest and most im- 
portant muscular constituents of the 
walls are. the Pectoralis Major, Latissi- 
mus and Serratus Anterior — 

each belongs to a dififfrent wall. The 


nerves to the Latissimus and Serratus 
are in danger and therefore should be 
found early in a dissection, (e) That if 
the finger be s^^ept between tlje Pectoralis 
, Major and the clavipectoral fascia, the 
following vessels and nerves will be en- 
countered: medial and lateral pectoral 
nerves, and the pectoral branches of the 
acromio-thoracic artery and vein. , 

The Deep Fascia. Were the chfjSt 
enveloped in a tough, dense fascia res- 
piration obviously would be interfered 
with. So, for this reason, if for no other, 
you might expect the investing fascia 
in this region to be thin and loosely 
woven. Later, when you have dissected 
the ante,rior abdominal wall and the 
gluteal region, you will appreciate better 
the principles underlying the disposition 
and texture of areolar tissue. The deep 
fascia here, Us over flat muscles in general, 
is thin and areolar in nature. Where it 
forms the doTnc-.^ha])ed floor of the axilla 
it is irregularly laminated. The clavi- 
pectoral fascia, which is primarily the 
sheath of the Pectoralis Minor, acts as a 
suspensory ligament for the dome-shai)ed 
floor of the axilla. You have seen that 
the great axillary vessdis and nerves 
occupy a tubular sheath, the axillary 
sheath derived from the fascia 

covering the Scaleni. This sheath is 
attached to the fascia behind the Sub- 
clavius; so, the vessels move with the 
clavicle. The large quantities of very 
loose, moist, areolar tissue found between 
the various muscles of this region are 
necessary to allow the limb a wide range 
of movements. No other part of the 
body enjoys the freedom of movement 
permitted at the pectoral girdle. These 
facts concerning the fascia are of con- 
siderable practical importance. Fat 
accumulates especially at the apex of the 
axilla and on the posterior wall. 
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A Typical Spinal Nerve is a serially 
segmental structure which is attached to 
the spinal cord by two ra»is — an anterior 
which is motor or efferent, and a posterior 
which is sensory or afferent. The two 
roots leave the vertebral canal through 
an intervertebral foramen and join ipn- 
mediately beyond it to form a spinal 
nerve. Having both motor and sensory 
fibers the nerve is said to be mixed. 
After the course of a few mip. the spinal 
nerve divides into an anterior and a 
posterior ramus. Roughly, the^ posterior, 
ramus supplies the muscles of the back 
that act on the v ertebral column and the 
skin covering them; the anterior ramus 
supplies the muscles and skin of the an- 
terior three-quarters of the body wall. 
There is an enlargement or ganglion on 
the posterior root as it lies in the inter- 
vertebral foramen. Sympathetic ganglia 
’ lie on the sides of the bodies of the ver- 
tebrae. Each receives a white filjer 
{white ramus communicans) from the 
corresponding anterior nerve ramus, and 
returns one or more gray fibers {gray 
rami communicantes) to the anterior 
ramus. Thesf gray fibers ar.e distrib- 
uted« to the blood vessels of the body . 
wall and to the glands and muscles of the 
skin. 

The Cutaneous Nerves. The ^ an- 
terior rami of the thoracic nerves are 
^generally called intercostal nerves. • A 
tyjncal intercostal nerve gives off a lateral 
cutaneous branch in thp mid -axillary line 
and ends, after piercing the Pectoralis 
Major at the side of the sternum, as an 
anterior ciltancous branch {fig. 68). 

The lateral cutanecAis branch divides 
into an anterior and a posterior branch 
which appear about an inch apart be- 
tween 'the digitations of the* Serratus 
Anterior. The anterior branch runs for- 
wards superficial to the Pectoralis Major; 


the posterior branch runs backwards 
superficial t# the tatissimus Dorsi. 

Now, the first three intercostal nerves 
are irregular and iiUeresting. Thas (a) the 
lateral and anterior cutaneous branches 

m 

of* the 1st intercostal nerve are siq^l or 
wanting, (b) the lateral branch of the 2nd 
does not divide into anterior and posterior 
branches £ut runs across the dome of 
axilla in the laminated fascia and then 
descends on the postero-medial aspect of 
the arm as the intercosio-brachial nerve; 
(c) the lateral branch of the 3rd sends 
a branch to the mediarside of the arm. 



When the upper limb develops, the 
anterior rami of’ nerves C. 5, 6, 7, Sand 
Th. 1 are drawn out from the trunk to 
supply the limb. They form the brachial 
plqxus and their simple segmental ar- 
rangement is lost. The supraclavicular 
branches of C.‘3 and 4 descend in front 
of the clavicle to fill the gap or hiatus 
^hus occasioned. In consequent, a per- 
son whose 5th cervical vertebra is broken 
might retain sensation to pinprick as low 
as the 1st intercostal space. {Fig. 027.) 

The cutaneous supply to .the limb 
draws upon more segments th^n the 
motor supply: for branches from C. 3 and 
4 descend to the deltoid region; branches 
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from Th. 2 and 3 descend to the medial 
side of the arm. he repre- 

sented thus: 

« « 

Sensory 

' ^ Motor 

3 , 4 5 , 6 , 7 , 8 , 1 , 2 . 3 


The Lymph Glands of the Axilla 

\ii(j i)9) are arranjiic'd in sc'veral main 

delto-pectoral 



Fio. Lymphatics of the breast and 
axilla. (After Poirier and Cliarpy ) 

groups: (a) the lateral (jUuids lit' uloiig tlic 
lower parts of the axillary vein. 'idH‘y 
receive the lympli vt'sscds tlial ascend 
along the medial side of the arm and tlit*y 
empty into (1)) the infradavirular or apical 
ijlands lie along the upp(*r part of 
the axillary vtan between the Pcctoralis 
Minor and the (da vide. All the vessels 
of the limb, including those folloAving the 
cephalic vein, drain either directly or 
indirectly into this group, and it in turn 
drains *^into'l%h; subclavian lymph trunk 
which ends in the right 'l 3 rmph duct or 
(left), thoracic d\ict. (c) The anterior or 


pccfornl [jlands lie along thc‘, lower border 
of the Pcctoralis Minor with the lateral 
thoracic vein, ^.(d) The poskrior or suh- 
srapuJar (jlands lie along the sifbscapular 
\'(dns. (e ) The central glands lie between 
the layers of fascia at the base of the ax- 
illa or in tlie fat deep to it. (f) ^Occa- 
sionally one or two small glands occur in 
tlie delta- pectoral triangle. 

On (hawing the fingers downwards 
across the ribs it is (‘ommonly possible to 
palpate the central group of glands. 

The Mammary Gland or breast (Jig. 70) 
will likely have to bo studied from mu- 
seum dissections and pix^parations. It 
is made up of 15-20 units of glandular 
tissue, wliose lobules, enclosed in a fibro- 
areolar stroma, ra(liat(* from the nippk* 
into Ihe surrounding suptnheial fat, mu(‘h 
as spokes radiate from tlie hub of a 
\vli(‘(‘l. I'he perijdu'iy of the gland, ra- 
rim of tli(' ^^heol, ('xuaids from tin' 2nd 
to, the ()lh rib in tlu* vertical ])lane and 
from Ihe side' of llu' shMiuirn to near the 
mi(laxjllar\' line in I lie Jiorizontal plaia*. 
Of the s(‘V(‘ral tail-Iiko i)mecsses it may 
possess, one runs upwards along the lower 
border of, tla' IVcToralis Major to 
,3rd nb 1 (*\t 1. About two-thirds of,,tiie 
gland overlies tlu' Pcctoralis Major; one- 
third the VJerratus Anterior. Though 
(‘asily separated from the fascia covering 
these muscles, it is firmly connected to 
the true skin by fibrous bands that pro- 
ceed from its stroma between lobules of 
fat. These are thp ligaments of Cooper. 

In the pinkish areola surrounding the 
nipple there is a nuruber of nodular rudi- 
mentary milJv glands, called the iubcreles 
of Alonfgomery ; and deep to the are(Ma 
is some unstripcnl muscle, a l 3 miph plexus, 
and an absence of fat. 

The 15-20 milk duets possess * slight 
dilatations, ihodaciiferous sinuses^ at the 
base of th^ nipple and they open on to 
its apex. 
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Vessels ANb Nerves. Nerves: Inter- 
costal nerves (2nd~6th), via lateral 
and anterior cutaneous branches. These 
or the vesselstconvey sympa1;hetic fibers. 

Arteries: Perforatinf»; hi-anchcs (('spe- 
cially the 2n(l and 3r(l) of the internal 
mammary a. and two (whanal juainnia^y 
branches *of tlu* lateral thoracic a. ap-* 
proach the ^l^^ud from I lie ^ides, l amify 



Ki<;. 70. The iirMinina on vcrl-iral* .snctiori. 
(After '5estut.) 


on its superficial surface, send, branches 
into it, and anastomose around the nip- 
ple. Twigs from the intercostal aa. may 
enter the deep surfai*e of *tlie gland. 

Lymphatics: The main lymph vessels, 
like the ducts of the mamma, converge 
on the nipple. Deep tef the areola they 
form a subareolar lymph plexus {fig, 

(a) From this plexus two or three dis- 
tinct vessels course superficially to the 
upper pectoral lymph glands, (b) From 
the medial border of the mamma lymph 
vessels pass to the internal mammary 
lymph glands, which lie with the internal 
mammary a. (c) From the* deep surface 
of the mamipa lymph vessels pass through 


the Pcct oralis Major to end in the inter- 
pectoral glands, wliich lie superficial to 
the Pectoralis MJhor And costo-coracoid 
membrane, or passing through these end 
in the infraclavicular* (apical) glands. 

^ Anomalies. In this region you may 
quite possibly have met with one or moi^ 
of the following anomalies: Accessory or 
rudimentary mammae arc occasionally 
found along the ‘'milk line” between 
axilla and pubis, or elsewhere {fig, 71). 

Sfernalis muscle: a flat muscle lying in 
front of, the Pectoralis Major and in line 
M'ith the Steniomastoid aqd llectus Ab- 
dominis. Its presence is often associated 



Fig. 7.1. Accessory nipples may appe 
the milk line. 

with aiiomaIi(‘s of the adrenal gland and 
with a defect of the skull (anencephaly ). 

Axillary Arch: a band of voluntary 
mu.scle, V'-wide, that stretches across the 
bas(' of the axilla from the Latissimus 
Dorsi to the Pectoralis ]\Iajor or coracoid 
process. Jiike the Platysma it is a ves- 
tige? of the Panniculus ("arnosus, so con- 
spicuous in many mhmmals and it is 
geaierally supplied })y Th. 1 or 2. •Unless 
aware of this as a possibility you may be 
disconcerted on meeting it. 

Pectoralis Major: its sternal head may 
be absent. 

The ulnar nerve ((\ 8 and Th, 1 )^c()m- 
monly derives fibers from C. 7 via the 
lateral cord. 
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The lateral root of the median nerve 
(or part of it) may travel with the 
musculo-cutaiieous neive far into the 
arm before joining; the medial root. 

SCAPULAR AND DELTOID REGIONS 

Bony Parts. The spine of the scapula 
crosses the medial four-fifths of the dor- 
sum of the scapula obliquely dividing it 
into a smaller supraspinous and a larger 
infraspinous fossa. These two fossae 
communicate with each other at the 
spino-glenoid {scapular) notch which lies 
between the lateral border of the spine 
and the glenoid cavity {fig. 72). The 
posterior border or crest of the spine — 
often for the sake of brevity referred to 
as ^^the spine’' — ends above the shoulder 
joint in a free, flattened and expanded 
piece of bone, the acromion. The acrom- 
ion has on its medial border, very close 
to its tip, a small oval be\relled facet for 
articulation with the flattened acromial 
end of the clavicle. The crest of the 
spine, the acromion, and the clavicle 
form a continuous bony arch which .you 
can palpate from end to end through the 
skin. This is possible because no mus- 
cle— save the PJatysrna — crosses, any part 
of this arch. 

The acromio-claviruJnr joint surfaces 
are not w’eight-bearing and are not en- 
larged, like the ends of long bones in 
general. The joint is subcutaneous. 
You can easily locate it by pressing 
medially with the fingei' tips because the 
acromial end of the clavicle is a little 
thicker than the acromion and it projects 
above Tt. 

The medial or vertebral border of the 
scapula is covered in its upper half by 
the Trapezius, but you can easily palpate 
it from the inferior angle to the superior 
{medial) 4j^le. The lateral or axillary 
b^der you can trace with some’difBculty. 
The inferior angle and the tip of the 


coracoid are, so to speak, at opposite 
poles of the scapula. By grasping the 
inferior angle with one hand and palpat- 
ing the coracoid process with two fingers 
of the other, you can so manipulate the 
scapula that a fracture between the 
**two poles** would reveal itself. 

' The vertebral border is almost parallel 
wdth the spines of the vertebrae &nd is 
about two inches distant from them. 
This border crosses 6 of the 12 ribs and 
leaves thb other 6 uncrossed. And, since 
the superior angle overlies the second rib 
and the inferior angle the seventh rib or 
seventh interspace, it follows that there 
is one uncovered rib above the superior 
angle, and that there are five below the 
inferior angle. 

A line dropped vertically from the in- 
f(u*ior angle of the scapula is known as the 
'\^capidar)ine**. The inferior angle forms 
a valuable practical guide to the upper 
limits of the diaphragm and liver and 
to tlie lower limits of the lung {p. 259). 

The root of the spine of the s(5apula lies 
at th(‘ level of the »h’d thoracic spine. 

\ot(' that although the eightli rib 
lakes a downward slope, in the scapular 
Itnt^ It is on })rac(jcally the sam(^ level as 
the tip of the spinous process of the 
eighth rhoracick vertebra. This is due 
to the fact that the spinous process also 
takes a do^vnw'ard slope. 

The scapula is homologous with the 
ilium; the coracoid process with the 
ischium; the clavicle is not homologous 
with the pubis, but to some extent the 
two are analogous,^ The ilium articu- 
lates with the vertebral colypin at the 
sacro-iliac joint; apd this union makes for 
stability of the lower limb. The scapula, 
on the other hand, does not articulate 
with thoi vertebral column, and in conse- 
quence the upper limb possesses* freedom 
of movement, but at the expense of 
stability. The large quantity of loose 
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spongy areolar tissue, encountered be- muscles, and- one or other branch be- 
tween the flat muscles that attach the comes cutaneous. Above the mid- 
upper limb to the head and trunk, is re- thoracic region*ifr is the medial branches 
quired to allqw this freedon!. that become cutaneous, and they do so 

. Cutaneous Nerves. The anterior rami ^lose to the median plane; below, the 
of nerves C, 5, 6, 7, 8 and Th. 1, it will lateral branches become cutaneous at 
be remembered, take part in the brachial son^e distance from the median pl^ne. 
plexus, ahd send no cutaneous branches. The posterior ramus of Th. 2 extends to 
to the pectoral region. The posterior the acromion and is therefore the longest 
rany of these same nerve segments have of the posterior rami. The strip of skin 
likewise a restricted distribution: the each cutaneous nerve supplies is below 



posterior ramus of the middle nerve of the 
series, namely the 7th, has no cutaneous 
branch; of those on either side of it, the 
6th sometimes, the 80 generally is ab- 
sent; whilf the 6t!i cervical and Ist 
thoracic are present, but small. Both, 
therefore, on the front of the girdle and 
on the back there is a similar break in the 
sequence of the cutaneo^- nervjw. ’ , . 

A typical posterior filjrve ramus di- 
vides into a medial and 9. lateral 
branch (fig^ 68), Both branches supply 


the level at whicli its nerve ramus emerges 
from tlie vertebral column. 

•The Latissimus Dorsi. The Subscapu- 
laris, Teres Major, and Latissimus Dorsi 
have differentiated from closely •related 
premuscle masses. The facts (a) that the 
nerve to the Teres • Major supplies a 
branch to the Subscapularis, (b) that the 
Teres Major and Latissimus. -describe 
complete half turns, and (c) that the 
Latissimife commonly has a slip of origin 
from the back of the inferior angle of the 
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scapula in conjunction with the Teres 
Major bear evidence of this. During de- 
velopment the Latissinnis has evidently 
migrated further than its two companion 
muscles, for its origin now extends in j? 
fan-shaped manner from the 7th thoracic 
spine to the middle of the outer lip the 
iliac crest. Between these two points its 
aponeurotic origin is att^jched to the 



Fig. 73. Exposure of upper border of 
scapula: Triangle of auscultation. 

lower six thoracic, the lumbar, and the 
sacral spines and to the lateral lip of the 
iliac crest, largely through the medium of 
the luftfibar fascia. It also arises from 
the lower 3 ribs by fleshy fibers that in- 
tcrdigitate witii tlie External Oblique of 
the Abdomen in series with those of the 
Serratus' . Anterior. 

Ac^ims^nd Functions. The Latissi- 
mus extends the liumerus, rotates it 
niedially, and adducts it. It brings 


the outstretched arm from above the 
head to behind the back. It is used in 
swimming, in raising tfie body when one 
hangs from a horizontal bar, in rowing, 
in pulling, in elbowing ones way through 
a crowd. 

4 Two Tnangles. The upper horizontal 
border of the Latissimus overlies the in- 
ferior angle of the scapula, and carried 
medially reaches the 7th thoracic spline. 
Between this border of the Latissimus 
Dorsi, the Trapezius, and the Rhomboid 
Major there is a triangular area, the 
Tnangle of Auscultation. Its floor is the 
naked thoracic wall. It is formed by the 
Gth interspace and the ribs bounding it 
{fiih 73). 

The anterior oblicpie border of the 
Latissimus often fails to meet the pos- 
terior border of the Oblique Externus 
Abdomini55 at the middle of the iliac 
crest in wliich ease another triangular 
area, tiu^ Lumbar Triangle (of Petit) is 
'formed, its floor is the Obliquus Inter- 
nus Abdominis. 

The Trapezius is triangular in shape. 
"Die Tiapezii of the two sides together 
form a trapeze or table; hence the name. 
This muscle is attac^hed to the medial 
third of the superior nuchal line of the 
occipital .bone, to the inion, to the tips 
of the spines of all the cervical and 
thoracic vertebrae and to the intervening 
supraspinous ligaments. The attach- 
ment to the cervical spines is not direct 
but through the medium of the ligamen- 
tum nuchae. The upper fibers of the 
muscle pass infero-laterally to the pos- 
t^erior border and adjacent ^art of the 
upper surface of the flattened lateral 
third of the clavicle; the intermediate 
fibers pass horizontally laterally to the 
medial border and adjacent part of the 
upper surface of the acromion, as well as 
to the uppxjr lip of the crest of the spine 
of the scapula; the lower fibers, that is to 
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say, those arising below the level of the 
root of the spine of the scapula, converge 
as they pass siiperolaterajly and form 
an aponeurosis which is inserted into 
and accounts for the well marked tubercle 
on the low’er lip of the crest of the spine. 
Note th(i direction of this tubercle. 

Functions, ^J'he 'I'rapezii are the sus- 
pensory muscles of the shoulder girdles. 
InTiealth they are in tone, holding the 
shoulders back and up, thus giving a 
‘‘military carriage”. Drooping or bottle- 
neck shoulders are indicative of Trapezii 
lacking in tone. The Trapezius comes 
into play, raising or steadying the 
shoulder girdle, whenever a weight is 
either supported on the shoulcTcr or is 
carried in the hand {JUj. 102). The 
lower fibers are not necessarily antag- 
onistic to the upper fibers. Ir; fact, they 
assist the upper fibers to rotate the 
scapula, for when the upper fibers raise 
the point of the shoulder, the lower fibers 
by pulling on their tubercle of insertion de- 
press the vertebral l:)order. The middle, 
horizontal fibers form the thickest part 
of the muscle; they are used in pulling. 

If the muscle is paralyzed thq normal 
concavity of the neck becomes an angu- 
larity, the point of the shoulder droops, 
and extra work is then thrown* upon the 
Serratus iVnterior. 

Nerve Supply. The Ttapezius is sup- 
plied on its deep surface by (a) the spinal 
part of the a(*(*essory nerve (motor), 
which arises from the mpper 5 cervical 
nerve segments and takes a devious 
course, and (b) by cervical nerves 3 and 
4 (sensory) which take a direct course 
(K. B. Corbin) ijlg.^716). The nerve 
should be exposed where it crosses the 
superior angle of the scapula. . This, is 
done by separating rather than severing ' 
the muscle fibers which here run horizon- 
tally. The separation is made with the 


knife carefully because the nerve adheres 
to the deep surface of the muscle. 

The Key to the Suprascapular Region 
is the upper border of the scapula. To 
•find this border, conlinue the separation 
t of the fibers of the Trapezius laterally to 
. the*acromion and medially to the verte- 
bral spines. If the subject is stout, short- 
necked, or ^«^y muscular, easier access 
may be gained by detaching the lower 
half of the muscle from the vertebral 
column and turning it laterally. 

Note •on the skeleton that the upper 
^border of the scapula extends from the 
superior angle, where the Levator Scapu- 
lae is inserted, td the upper part of the 
glenoid cavity where the long head of the 
Biceps arises from the supraglenoid tu- 
bercle (fig. 72). The medial part of this 
border is subjected neither.to stress nor 
to strain, and as it affords attachment to 
only one muscle, the slender Omohyoid, 
it has no occasion to be other than thin 
and sharp. Laterally, it becomes 
abruptly deeper — the suprascapular notch. 
This notch is bridged by a sharp, taut 
band the suprascapular (superior trans- 
verse) ligament. Between the .notch and 
the supraglenoid tubercle the border is 
drawn out into the stout coracoid process. 

To regard the coracoid process as a 
projection from the upper border is a 
most useful practical conception. Mor- 
phologically, the coracoid is a separate 
bond, an “atavistic epiphysis^', which is 
so constant in fulling with the rest of the/ 
scfLpula during the 15th year that itj* 
serves as a valuable criterion of the age) 
of* a skeleton. 

The upper border of the scapula cannot 
be seen from behind, since being concave 
it is, of course, concealed by the upper 
border of the Supraspinatus,- which being 
straight, rises above the concavity. 
With this in mind, pass the index finger 
over the upper border of the Supraspina- 
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tus and down its anterior surface till the 
sharp concave upper border of the bone 
is felt. Then, by sense of touch run the 
finger laterally along the upper border 
of the*^ bone and of the suprascapular' 
ligament to the root of the coracoid 
(/iff: 74). Do this in disregard of the 
unimportant Omo-hyoid which is at- 
tached near the notch. Thence run the 
finger up the coraco-clavicular ligament 
to tJie clavicle, and then medially be- 
hind the posterior surface of the clavicle. 


the spinoglenoid notch to the infra- 
spinous fossa. 

The nervc\ supplies the Spinati and 
sends twigs to the shouldifer joint. It 
has no cutaneous branches. 

The Vertebral Border of the Scapula* 
When the lower part of the Trapezius is 
thrown down, the Levator Scapulae and 
the two Rhomboids are partly exposed. 
Together they occupy the whole 'lerfgth 
of the vertebral border of the scapula. 
The Rhomboideus Minor finds attach- 



Fig. 7A. Upper burdcr of scapula~the key to the suprascapular region. 


Witli the aid of llu'se fixed landmarks 
you can find your way aliout; without 
them you grope. 

(The scaymla is describotl on p. 80().) 

Suprascapular Vessels and Ner>e. 
With a little blunt dissection the supra- 
scapulih* (transverse scapular) vessels, 
crossing above the ligament, will be sot 
free; and the suprascapular nerve, cross- 
ing below the ligament, can be picked up 
with a blunt hook. On the dorsum of 
the S(?apul4'the suprascapular vessels and 
nerve lie in contact with the bone. They 
pass from the supraspinous fossa through 


merit at the level of the root of the spine; 
the Levator Scapulae is attached to the 
border above this level; and the Rhontr 
boideus Major below it. The fibers of 
the levator Scapulae often turn the 
superior angle; the fibers of the Rhom- 
boideus Major exert their pull on the 
inferior angle for, as a little care will show, 
the upper part of the attachment of this 
il^sole is not so much an insertion as an 
awjolar connection. 

The origin of the Levator Scapulae 
from the^posterior tubercles oi the trans- 
verse processes of the upper four cervical 
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vertebrae is not displayed, neither is the 
upper part of the origin of the two Rhom- 
boids from the lower part^ of the liga- 
mentum nu^hac and lips of the spines 
of the last cervical and upper four thp- 
racic vertebrae and corresponding su- 
praspinous ligaments. * 

The Transverse Cervical ArterV 
passes backwards on the floor of the 
posterior triangle of the neck till it meets 
the anterior border of the Levator Scap- 
ulae which, as it were, splits* it into a 
superficial (ascending) and a deep (de- 
scending) branch. The superficicCl branch 
accompanies the accessory nerve on the 
deep surface of the Trapezius, while the 
deep branch passes deep to the Tevator 
Scapulae and Rhomboids and runs close to 
the vertebral border of the scapula in com- 
pany with the nene to the Rhomboids. 
t^he Anastomoses on and around the 
scapula are very free. They bring 
notably the 1st part of the subclavian^ 
artery into a comrnunication with the 
3rd part of the axillary artery 7f>). 
Thus: the transverse cciwical and supra- 
scapular arteries, which are branches of 
the subclavian , artery via the thyro- 
cervical trunk, communicate freely on 
both surfaces of the scapula with branches 
of the subscapular artery. On ’the acro- 
mion, the acromial branches of the supra- 
scapular, acromio-thoracic^ and posterior 
humeral circumflex arteries bring the 1st 
part of the subclavian, 2nd part of the 
axillary, and 3rd part of the axillary 
arteries together. On {he thoracic wall, 
the intercostal arteries anastomose with 
the transverse cervical, superior thoracic, 
lateral thoracic, and suj^scapulkr arteries. 

If it is proposed to cut through the 
Rhomboids, let it be dorte carefully, 
cause their origins share the tips of tfie 
vertebral spines with several other mus- 
cles and, so, are aponeurotic. Too deep 
an incision wll be found to have divided 


also the subjacent aponeurosis of the 
Serratus Posterior Suj)erior. This is in \ 
accordance witli the axiom — when several ; 
muscles are crowded on to a limited area 
•of bone, their attachments ‘ must be 
. fibrous. The aponeurotic a-ttachments 
of *the adductors of the thigh to t^e i 
linea aspera of the femur afford com- ' 
parisoh. • 

‘ Serratus Anterior. If now tho fingers 
be passed round the vertebral border of 
the scapula, they will come into contact 
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Fia. 75. Scheme of the anastomoses around 
the scapula. 


not with the Spbscapularis, as one is 
tempted to think, but with the Serratus 
Anterior, which is interposed between the 
Sub^capularis and the chest wall {Jig. 76). 

Though the Serratus Anterior forms 
the medial wall of the axilla and its nerve 
was studied with the axilla, the muscle can 
he examined better now. * 

The Serratus arises from the outer sur- 
faces of the upper 8 ribs by a series of 
fleshy digitations: tliose arising from the 
upper 4 ribs are hidden by the Pectoralis 
Minor; those arising from the lower 4 
ribs interdigltate^wilb tbe upper digit^- 
tions of the Obliquus Extemus Abdo- 
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minis. The Senatiis is inserted into the 
costal aspect of the medial border of the 
scapula by a lim^ar attachment that en- 
larges into a small triangular area at tlie 
sui>erior angle and into a large triangular^ 
area at the inferior angle. Only 3^ ribs 
(1,2, and 3) send digit ations to the^sl^- 
i:)erior angle ami medial ])ordcr; while 5 
ribs (4, 5, b, 7, and 8) serftl (lonverging 
digitat-ions to the inferior angle. Tlie 
reason for this distribution is appuoait. 
d’lie fibers are concentrated where they 
act to best advantage, which is\he end 
of a lever. • : 



Fig. 70. Demonstrating the antagonistic 
and complementary* uses of the Serratus and 
Rhomboids. 

Tlie lowin’ digii a.‘ ions ai’i' 
reiiuired to steady or jaill forwards die 
inferior angle when the arm is raised in 
front of the body. The upper digita- 
tions draw’ the scapula forwanls, thereby 
inci'easing the roach of tJie outstretched 
liand. 

During the excursions of the scapula, 
the Rhomboids and the Serratus Anterior 
together keep the medial border applied to 
the thoracic wall. If either be paralysed 
“a winged scapula'^ will result; that 
is to say, the inferior angle will project 
on the back. 

The Acrqmio-Clavicular Joint. Note 
that •fiberdPbf the Trapezius cross the ’ 
acromio*clavicuIar joirft in the same di- 
rection as the fibers of the capsule, and 


augment them. With two parallel an- 
tero-posterior cuts, open into the joint 
from above apd remove the wedge-shaped 
disc which projects into it does a semi- 
lunar cartilage into the knee joint. The 
capsule is about equally thick all round 
thfe joint. Note that the small, oval 
joint surfaces are so set obliquely that if 
a fall on, or a blow applied to, the Mge 
of the acromion should result in viis- 
location, the acromion will be driven 
below the* clavicle. Idie conoid and trap- 
ezqid ligaments, into which the coraco- 
clavicvlar ligament is subdivided, resist 
such a force; that is to say, it is their 
duty to hold the scapula laterally and to 
prevent* it from being ctriven mediaIlJ^ 
If this be true, their fibers must ob- 
Mously })ass infino-mcHlially ; whic^ they 
do. In verification of this (a) pull the 
humerus laterally and note that these' 
two ligaments become slack, (b) push 
^thc humerus oi’ the scapula medially and 
nob' t])at they beconie taut, d'he conoid 
ligamejit is ni the form of an inverted 
cone; il is, however, not balanced on its 
a|)(‘\ l>ut is so ])oised tliat its fibers share 
111 tli(' geiKU’al intero-mcejial direction, as 
do tlios(‘ of th(^ trapezoid Jigamept. If 
they are to retain the scapula in position, 
they eoulfl obviously take no other direc- 
tion. 

Bones and ^ Epiphyses. The portion 
of the clavicle medial to the coracoid 
process (medial two-thirds) has to pet- 
form the duties of a long bone; and it 
would seem that on this account it is 
triangular on cross section. It may, 
therefore, be described as having 3 sur- 
faces separated by 3 borders, and an 
enlarged sternal end which possesses a 
scale-like epiphysis. The acromiar end 
(lateral one-third) is flattened and has 2 
surfaces separated by 2 borders. It 
usually has no epiphysis. 

The acromion is stronger than you 
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might think, 'for the lateral border of the 
spine of the scapula, which bounds the 
spino-glenoid notch, is very stout and 
rounded — evidently with fhe object of 
buttressing and strengthening the acro- 
mion, on the under surface of which it 
fades away {fig. S(j), • 

During the 15th year, when the cora^ 
coid process is fusing with the scapula 
along a line that includes the upper part 
of the glenoid cavity {fig. 77), the end of 
the acromion begins to ossify*from two 
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Ficj. 77. C’orjK'oul epiphyses. 



Fig. 7S. Acromial epiphyses. 

centres — one near the tip, the other near 
the angle. These fuse with each other 
and with the acromion after the age of 
twenty years along a line that passes 
either through or just behind the facet 
for the clavicle {fig. 7S). The epiphysis 
at the tip commonly fails to fuse and, on 
X-ray exapimation, may simulate a frac- 
ture. The failure to^fuse, is, however, 
commonly bilateral. 

The Humerus. The upper end of the 
humerus is so much concerned in this 
region that it must be examined now* 
- (figs- 79, 80). It consists of: aa articular 
portion, the head, which forms a third 


of a sphere, is covered with cartilage, and 
is directed medially, upwards, and a little 
backwards. SUfrounfling the articular 
cartilage is the anatomical neck to which 
•the fibrous capsule* of the joint* is at- 
, tached. A mass of bone, aflFording at- 
tachment to the tendons of four muscles 
that retain the head in its socket, projects 
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Fig. 79. Upper half of humerus (anterior 
view, schematic). 

biitli in front and laterally {fig. 170). 
This mass is divided into two unequal 
parts, the lesser and greater tuberosities, 
by a groove, the bicipital {inter tubercular) 
sulcus, w herein lodges the loiig tendon of 
the Biceps. The prominent lesser tu- 
berosity lies, so to speak, at the centre 
of a circk\ and is directed straight for- 
ward — w’hen the iimb is in the anatomical 
position. On rotating the humerus me- 
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dially and Iaterall.y, it (*an be palpated 
through the Deltoid. It is situated Ij 
inches infcro-lateral ter the tip of tJie 
coracoid pro(*ess. It gives attachment 
to thee Subscapiilaiis. Di(‘ less promi- 
nent greater tuberosity piojects laterally 
beyond the acromion and so gives' ^the 
slioulder its roundness. It loo can be 


Supraspirccxtu^ 



palpated through the Deltoid. It pos- 
sesses three flat contiguous facets; a liori- 
zontal #n(^ above for the Supraspinatys, 
a vertical one behind for the Teres 
Minor, and joining these two an oblique 
one for the Infraspinatus. Its lateral 
aspect passes imperceptibly into the shaft 
of tly^ boM below. The tuberosities, 
then, are ^arated fro;n each other by 
the bicipital suh^us; from the head by the 


anatomical neck; and from tlie body by 
the surgical neck. 

The surgical neck^ being a region of 
practical surgical importajcce, may be 
described in a practical way as the 
narrow zone that is partly^encircled by 
the circumflex (axillary) nerve and com- 
pletely encircled by the circumflex vessels. 
In encircling the neck, the nerve- and 
vessels require to pierce no muscle, ^be- 
cause they are able to pass between the 4 
muscles inserted into the greater and 
lesser tuberosities above and the 3 mus- 
cles inserted into the medial and lateral 
lips of the bicipital groove below. The 
latter are the Pectoralis Major, Teres 
Major, Latissimiis Dorsi. The Pectora- 
lis Major and Teres Major are inserted 
into the rough crests, known as the 
lateral and medial lips respectively of the 
bicipital Sulcus, that descend from the 
tuberosities and deepen the bicipital 
sulcus. The Latissirnus Dorsi is inserted 
into the sulcus just lateral to the Teres 
Major. The surgical neck meets the 
anatomical neck medially, in the region 
of the quadrangular space; and slightly 
above the level of the surgical neck runs 
the epiphyseal line. (Cont'd. on p. 115). 

The Deltoideus, shaped like the Greek 
letter delta iinerted, would form with 
the Trapezius a continuous muscle sheet, 
were it not that the clavicle and scapula 
intervened between them. Thus, the 
deltoid arises from the anterior border 
of the„flattened lateral third of the clavi- 
cle, where it is separated from the origin 
of the Pectoralis Major by the base pf^he 
infraclavicular fossa (delto-pectoraHri^ 
gle), from the lateral border of the 
acromion, and from the lower lip of the 
crest of the spine of the scapula. From 
this extensive origin the muscle descends 
to its reptricted and, therefore, fibrous in- 
sertion into the deltoid tuberosity of the 
humerus. 
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l-^he Deltoid Tuberosity. This rough 
tuberosity spreads across the lateral sur- 
face of the bpne and extendfe down to its 
middle point. About IJ" long, it also 
has the form of an inverted delta. The 
anterior limb of this inverted delta, fol- 
lowed ur^vards, becomes continuous with^ 
the lateral lip of the bicipital sulcus, which 
extends to the front of the greater tu- 
berosity. The posterior limb, followed 
upwards, becomes the rough Ikic of ori- 
gin of the lateral head of the Triceps, 
which leads towards th(‘ site of insertion 
of the Teres Minor into the back of the 
greater tuberosity. These extensions of 
the delta result in the upper half of the 
lateral surface of the humerus having the 
appearance of an inverted A. The ante- 
rior border of the dellchd tuberosity is 
part of the anterior border <?f the hu- 
merus, and is vertical ; the posterior 
border forms the upper l.)oundary of the 
spiral groove for the radijd nerve, and is* 
S('t oblicpiely. 

Winding around the posterior border 
of the Deltoid below the middle of its 
length is the cutaneous branch of the 
circumflex nerve* called the upper lateral 
cutaneous nerve of the arm. 

Detach the Deltoid from its origin and 
turn it downwards and thereby expose 
the circumflex nerve, accompanied by 
the posterior humeral cirt'umflex artery, 
Avhich adheres to the deep surface of the 
Deltoid and supplies it (Jig. 82). Follow 
the nerve and vessel to the quadrangular 
space. Also exposed is the greater tu- 
berosity and the bare area on the lateral 
surface of the humerus. This area is 
bounded by the limbs of the inverted A 
that give attachment to the Pectoralis 
Major and the lateral head of the Tri- 
ceps respectively (Jig. 80). ^ 

The Quadrangular Space merely 
the lateral gr basal portion of an isoceles 
triangle whose boundaries are: above, the 


axillary border of the scapula and the 
capsule of the shdulder joint; laterally ^ the 
surgical neck of the humerus; below, the 
^eres Major (figs. SI, 82). Sinee the 
^ axillary border of the scapula is clothed 



Fig. si. Upp^r half of humerus (postfeHor 
view): The foundation of the quadran^iiilar 
space. 



spaces. 

anteriorly by the Subscapularis and pos- 
teriorly by the Teres Minor, these two 
muscles assist in the formation of the 
upper boundary ^of the triangle; and, 
because their insertions into the humerus 
are far apart — the one > to the lesser 
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tuberosity, the other to the lowest im- 
pression on tlie greater,, tuberosity- it 
follows that the upper boundary of the 
triangle is ve»y deo])^ laterally, in faet it is 
equal to two-thirds of (he eircurnference 
oi the surgical neck (Jig, 170). . The 
long or scapular head of Ihe Triceps^ 
arising from the rough triangular infra- 
glenoid tubercle of the scapula, divides 
(his tri?uigle into an a])ical and a basal 
portion, known respectively as the trian- 
gular and the quadrangular space. 

Entering the triangular Sjiacc is a large 
anastomotic aVtery, the circumflex scap- 
ular branch of th(‘ subscapular artery, 
which, on its way to 'the infraspinous 
fossa, grooves (he axillary border of the 
scapula. Passing through the quad- 
rangular space aie the circumflex nerve 
fmd the pCs/cnor humeral circumflex 
artery. 

The Circumflex Nerve (i^xillary Nerve) 
has two important relations: 

1 . The capsule of the joint above. 

2. The surgical neck of the liuiuerus 
laterally. 

As the circumflex nerve passes through 
the quadrangular sfiace it sends twigs to 
the capsule of the joint; and, on leaving 
the space it supplies the Teres Minor. 
Thereafter, it supplies tin* Deltoid and 
the skin covering tlie Deltoid. 

Dislribufion. Tliis nerve, then, is dis- 
tributed to the joint, to two muscles that 
act upon the joint, and to tlie skin cover- 
ing the joint. 

Surfoiuj Afiatomy. On restoring tJie 
Dcltoi^l to its natural position, ohservci 
that the circumflex nerve and com- 
panion artery wind round the surgical 
neck of the humerus and that their po- 
.sitioii would be indicated on the skin 
surface b^a liorizontal line drawn 2 
inches below the angle of the acromion. 

• Parts Covered by the Acromion, 


When the deltoid is thrown down, it is 
not, the fibrous capsule of the joint that 
3^011 sec but The tough tendons of three 
dorsal scapular muscles — Supraspinatus, 
Infraspinatus, and Tores Minor — which 
conceal and adhere to the capsule. Pe- 
j .weiai the acromion and the Supraspina- 
tus tendon is the subacromial bursay wjiich 
functionally plav^s the part of an acces- 
sory joint cavity. It is large, extenciing 
Ixyond tl^e acromion laterally deep to the 
J)(‘ltoid, antcriorl^^ deep to the coraco- 
acromial ligament, and sometimes mc- 
diall}’^ deep to tlio d'rapezius (figs. 168, 
171). 

The qreatcr tuberosity of the humerus 
projects bej^ond the acromion. It is 
evident that it is to this projection, and 
not to the Deltoid wdiich covers it, that 
the rounckiess of the shoulder is due, for 
when the joint is dislocated the round- 
ness is lost, the acromion becomes the 
-most lateral bony point, and the shoulder 
appears square. When the arm is ab- 
ducted, the greater tuberosity passes 
completely under cover of the acromion; 
lienee, the necessity for an extensive sub- 
acromial bursa. 

Since the shoulder joint has bat two 
muscles lying above it, it can evidently 
possess but two abductors: they are the 
Supraspinatus and the intermediate fibers 
of the Deltoid. Each is supplied by the 
5th and 6th cervical nerve segments, 
the one via the suprascapular nerve; the 
other via the circumflex nerve. 

The Structure of The Deltoid. If 
the deep aspect of the Deltoid be exa- 
mined, 4 tendinous septa wilh be seen to 
descend in its substance (fig. 83). These 
spring from 4 small tubercles on the 
lateral border of the acromion. With 
a little dissection it will be seen that the 
muscle fibers .that^rise from each of these 
septa are arranged like the barbs on the 
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quill of a feather; hence, the architecture 
or internal structure of the Deltoid is 
said to be multipennate.^ The muscle, 
fibers springing from the adjacent sides 
of two tendinous septa converge to be 
inserted into a third tendinous septum, 
which passes upwards from the Deltoid . 
tuberosity to receive them. It is evf- 
dent, then, that the muscles fibers of the 
intermediate part of the Deltoid are very 
numerous but very short. On this ac- 
count it is very powerful, but !ts range of 
action is very short. The multipennate 



Fig. S3. Architecture or internal structure 
of Deltoid. 


nate origin, similar to that of the Del- 
toid. 

The tendon* of ’the Subscapularis 
grooves the anterior margin of the glenoid 
» cavity and helps to ^:ive it a pear-shaped 
appearance {fig. 84)- This feature dis- 
tinguishes the anterior border of fhe 
cavity* from the posterior. 

The Inferior Angle of the Scap- 
ula is thick and strong because three 
muscles act on it: the greater part of. the 
Serratus Anterior being attached to its 
costal •surface; the Teres Major to its 
dorsal surface; and the Rhomboid Major 



Fig. S4. Glenoid cavity, l^iceps, and Sub- 
scapularis. 


is the most powerful type of muscle in 
the body. ^ 

The anterior and j^oslorior parts of the 
Deltoid have a dilferent internal struc- 
ture : they are comimsed of long parallel 
fibers t)ecause they take part in tJie more 
extensive movements of flexion and ex- 
tension of the shoulder. 

With a little care, each of the three 
portions of the muscle, each with 'its own 
vascular and nerve supply, can be sepa- 
rated from the other two. 

The ^bscapular Fossa. Tlic con- 
cave area on the costal surface of the 
scapula, the subscapidar fossa, is crossed 
by 3 or 4 oblique lines that converge on 
the glejioid cavity. From them spring 
fibrous partitions w'hich extend into the' 
Subscapularis and afford it a. multipen- 


to the adjacent part of its medial border. 

Tlic inferior angle is situat(;d at the 
e.xtremo end of a lever and, therefoje, at 
the most advantageous site for these tJiree 
muscles to act {fig. 85). 

The Axillary Border of the Scap- 
ula extends from glenoid cavity to in- 
ferior angle. It presents at its upper end 
a rough, triangular area, thQ inf raglenoid 
tubercle, from w}iich the long or scapular 
head of the Triceps arises. Running 
parallel to this border on the costal sur- 
face is a strong, smooth, rounded bar of 
bone. Its purpose is to insure that the 
axillary border shall neither buckle nor 
break when the Serratus Anterior is 
steadying the inferior angle of the scap- 
ula or pulling it for^vards against^ resist- 
ance, as in raisir/g a weight in front of the 
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body or when pushing {jig. 86), The 
Serratus and the axillary border are 
similarly employed*by a quadruped when 
on all fours (Jig. 70). The axillar}" bor- 


Fio. So. Muscles attached to the end of the 
lever. 



Fig. .V'l. The three chief muscles concerned 
in elevation of the limb: Two strengthening 
bars on the scapula. 


dcr is, therefore, the strong border {fig. 
87), 

Axk)M, ^hen muscle fibers contract 
they short^ff^Dy about •a third or a half 


of their length, that is to say, if a muscle 
is to draw a load through one inch its 
. fleshy fibers paust be 2 to 3 inches long. 
For this reason the origins' of the Sub- 
scapularis, Supraspinatus, and Infra- 
t spinatus do not extend right up to the 
. margin of the glenoid cavity Ijjut leave 
Ihe neck of the scapula free. By the 
term, neck of the scapula, is undefstood 
the part encircled by a line drawn fiom 
the suprascapular notch to the infra- 



Fk;. 87. The axillary border is the strong 
border; the others can be broken away with 
the fingers. 

glenoid tubercle. The glenoid cavity and 
coracoid process are lateral to the neck. 

The' Teres Muscles. Origins. The 
Teres Minor aiises from the dorsum of 
the axillary border of the scapula. The 
Teres Major, which is a very la^e muscle, 
arises from the large impression on the 
dorsum of the inferior angle and axillary 
border of the scapula and partly from the 
dense fascia covering the Infraspinatus. 

Nerves Supply. Both muscles are sup- 
plied by nerve segments C, 5, G, but via 
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different nerves. One is a lateral rota- and radial nerves; and (c) that the fibers 
tor of the humerus; the other is a medial of the Teres Major ^take a half spiral 
rotator. course, like those of the Latissimus Dorsi, 

Obseeve:* (a) that the long head of the and that the flat tendon of insertion of 
Triceps passes between the Teres Major ‘the Teres Major blehds below with that 
ind Teres Minor; (b) that the Teres* of tjie Latissimus Dorsi, but is separated 
Major passes between the circumflex . from it above by a bursa. 



CHAPTER 4 


THE CUTANEOUS NERVES AND 
• VEINS OF THE UPPER LIMB*. 

Cutaneous Nerves. (Jeneral. The 
muscles of the upper limb are supplied 
by iierv’te segments C. 5, 0, 7, 8 and Th. 
1 by way of the brachial plexus. I'he 
cutaneous supply is more extensive; it 
draws not only on the plexus, but*also on 
two additional' cephalic and two addi- 
tional caudal segments. It comes from 
segments 3, 4 — 5, 6, 7, '8, 1 — 2, 3. 



Fio. 88. The nerves of tlie developing limb 

bud. 

The upper limbs make their appear- 
ance in the embryo on a le\ el with the 
segments from which they deri\c their 
nerves, and like many other organs (e.g., 
heart, diaphragm, stomach, and sex 
glands) they descend, dragging their 
nerves ‘after them. This explains the 
oblique course of the brachial plexus. 

The limbs sprout and grow from the 
ventral half of the body; so, the brachial 
plexus of the upper limb and the lumbo- 
}acral^le.Yuaof the lower limb are derived 
rpm anteri^ nerve rand {fig. 88). And, 
t is probable that the anterior and pos- 


terior divisions and cords of the brachial 
plaxus represent the anterior and poste- 
rior branches of lateral cutaneouh nerves, 
shown in figure 68. 

Initially the thumb and radius ocevpy 
the cephalic or preaxial border of the 
limb; the* little finger and ulna occupy 
the caudal or postaxial border. Simi- 
larly, in the lower limb the big toe and 
tibia occupy the cephalic or preaxial 
border; the little toe and fibula occupy 
the caudal or postaxial border. Later 
the limbs undergo rotation in opposite 
directions with the result that the thumb 
and radius are carried laterally and the 
palm of thfe hand comes to face forwards; 
whilst the big toe and tibia arc carried 
medially and the sole of the foot faces 
backwards (or downwards). 

The ner\’e segmehts supply the skin 
in orderly numerical sequence from the 
shoulder down the preaxial border of the 
limb to the thumb; from the thumb to 
the little finger; and from the little finger 
up the po.staxial border to the ' axilla 
{figs. 89, 90). Moreover, as shown in 
figure 91 , which is a section through the 
forearm, the sequence is maintained from 
radial to ulnar border across both the 
front and the back of the limb. This 
proviso must however be made: the nerve 
to the middle segment of the plexus, 
namely the 7th cervical, is carried down- 
wards in the substance of the limb and is 
not represented on the surface till the 
level of the wrist is reached on the front 
of the limb, and the elbow on the back of 
the limb. In consequence, proximal to 
these levels there is a hiatus in the serial 
succession of the nerves on the front of 
the limb and on the back. , 
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It is a fundamental truth that the 
nerves to the muscles on the morphologi- 
cal ventral and dorsal sui^aces of the 



' Fig. X{). Scheme of primitive segmental 
nerve distribution (After Purves Stewart.) ^ 



upper aftd lower limbs are derived frhm 
the anterior and posterior, divisions re- 
spectively of the brachial anci lumbo- 
sacral plexuses. Similarly, the cutane- 


ous nerves on the morphological ventral 
and dorsal surfaces of^the limbs, though 
taking certain liberties, are derived from 
the respective anterior and posterior 
lii visions. 

. T^e skin over the upper part of the 
pectoral and shoulder regions would seem 
to have' been drawn down from the neck, 
as a sheet «f rubber might be drawn 
down, bringing with it the supmclavic- 
ular nerves (C. 3, 4); similarly, the skin 
of the axilla and of the medial side of the 
arm wftuld seem to have been pulled 
*off the chest bringing the intercosto- 
brachial nerve (Th. 2) and a branch from 



Fig. 91 . Transverse section of forearm 
showing the segmental distribution of cutane- 
ous nerves (schematic). 


the lateral cutaneous branch of the third 
intercostal nerve (Th. 3) with it. 

The Pfectoral Region. Above the 2nd 
rib tliis region is supplied by the supra- 
clavicular nerves (C. 3, 4); and below the 
2nd rib by the anterior cutaneous Jierves 
and anterior branches of the lateral cu- 
taneous nerves (Tli. 2~C). 

The Axilla. .The intercosto-brachial 
(Th. 2) and Th.*3 supply the skin at the 
base of the axilla. 

The Shoulder. Supraclavicular nerves 
(C. 3, 4) cross the clavicle and acromion 
deep to the Platysnaa and supply the 
upper half of the deltoid region. The 
cutaneous branch of the circumflex nerve 
(C. 5, 6), IcnovTi as the upper kteral 
cutaneous nerve of the arm, appears at 
the posterior border of the Deltoid below 
its midpoint and spreads forwards ^over 
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the lower half of the Deltoid; some twigs 
from the stem of the nerve pierce the 
Deltoid to become cutaneous. And, 
branches from the posterior rami, es- 
pecially' of 2nd thoi^cic, reach the back* 
of the shoulder {fig. f)2). 

*The Brachium or Arm. The podaHor 
cutoJifous nerve of the ann (V. 5, G, 7, cS) 
aristas from the radial nerve mi front of the 


the arm medial to the brachial artery. 
The lower lateral cutaneous nerve of the 
arm (C. 5, 6], also a branch of the radial 
nerve, becomes cutaneous where the 
spiral groove for the radial nerve crosses 
the lateral brachial intermuscular septum. 

These four nerves of the arm all follow 
'the lead of the cutaneous branch of the 
circumflex nerve in taking a spiral course. 


5 uf>raclav\culor r\rv. 


Upper lat- 
cutars.. Tx. of arm. 


Lower lat. 
cutarv. r\. of arm-.S 


Lat. cularv rv'. 
of forearm, 


Abd. Polhcis. ;i 
Loregos - 



2^^ tK. TV 
3 -^* tK. rv. 
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TROTH BACK. 

Fn.. !)2 

Fk. TIh* cutiincous iiorvcs of the upper limb. 


Latissimus Dorsi by a stem common to 
it and to the nerve to the long liead of 
the Triceps. It becomes cutaneous Be- 
low the insertions of the Latissimus and 
Teres ]\1 ajor . The intercosto-hrachial nehe 
(Til. 2) accompanied by a branch from 
the 3rd intercostal nerve pierces the 
fascial floor of the axilla and bt^comes 
cutaneous. The medial cutaneous nerve 
of the* arm 8 and Th. 1) springs from 
fr.om the medial cord 6f the plexus and 
becomes cutaneous in the upper third of 


None of them descends below the elbow. 
Twigs' from the medial cutaneous nerve 
of the forearm also supply twigs to the 
front of the arm. 

The Antebrachium or Foreurm is sup- 
plied by the medial, lateral^ and pos- 
terior cutaneous nerves of the forearm. 
Each of these three cutaneous nerves 
is derived either directly or indirectly 
from the similarly named medial, lateral, 
and posterior cords of the brachial plexus. 
Each of the three outcrops ort the surface 
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above the elbow. The medial and lateral 
cutaneous nerves divide into anterior and 
posterior branches; the posterior cuta- 
neous nerve remains undivided. All five 
branches descend to the wrist. The 
anterior branch of the lateral cutaneous 
nerve constantly passes beyond the wrfst; 
the posterior cutaneous nerve usually 
passes beyond the wrist; the posterior 
brafich of the lateral cutaneous nerve 
occasionally does; the branches of the 
medial cutaneous nerve confine them- 
selves to the forearm. 

The medial c%it ancons 7icrve of the fore- 
army a direct branch of the medial cord 
((7) 8, 1), becomes cutaneous half way 
down the arm medial to the •brachial 
artery, and in company with the basilic 
vein. It divides into an anterior and a 
posterior branch, both of which pass in 
front of the elbow and then descend on 
the front and back of the ulnar side of 
the forearm as far as the wrist. Its 
branches pass either superficial or deep 
to the median cubital vein and other 
cutaneous veins at the elbow. TJ^ 
lateral cutaneous nerve of the forearm is the 
terminal brancji of the musculo-cuta- 
neous^nerve (C. 5, 6 (7)), and therefore 
of the lateral cord. It becomes cuta- 
neous at the lateral border of the Biceps 
an inch or two above the elbow. Like 
the medial cutaneous nerve it divides 
into anterior and posterior branches 
which pass in front of the elbow before 
descending on the front and back* of the 
radial side of the forearm; the anterior 
branch to reach the ball of the thumb, 
the posteijor branch to end at or beyond 
the wrist. At the wrist both the an- 
terior and the posterior branch commu 
nicate with the (superficial) radial nerve 
and thei anterior branch sends a twig, to 
the radial artery. The 'pgst^gr c^n^’- ’ 

^ branch of the 
rc^al nerve and therefore of the pos- 


terior cord (C. 5, 6, 7, 8) becomes cutane- 
ous along the line of the lateral inter- 
musculaV septum from 1'^ to above 
the lateral epicondyle. It crosses be- 
•hind the muscles arising from the'Materal 
, epicondylar ridge and descends in the 
middle of the back of the forearm to the 
wrist. Tt usually oversteps the wrist to 
reach the dorsum of the hand. 

The Palm of the Hand. It w jjl be. re- 
called that each of the three corda of 
the brachial plexus divides into two ter- 
minal branches — namely, musculo-cuta- 
•neous and lateral root of median, medial 
root of median and ulnar, radial and cir- 
cumflex ner\'es— making six in all. 
After the union of the two roots of the 
median these are reduced to five. Of 
these five nerves all, except the circum- 
flex nerve, pass into the ijrm and eacti 
ultimately contributes a palmar cutane- 
ous branch to the hand. 

^^The palmar cutaneous branch of the* 
muscuh-cutaneoiis nerve^^ (C. 6) ends on 
the ball of the thumb. .It is usually 
known as the terminal branch of the 
anterior branch of thd lateral cutaneous 
nerve of the forearm. The palmar cuta- 
neous brflnch of the median nerve (C. 6, 
7, 8) and the palmar cutaneous branch oj 
the ulnar nerve (C. 8) become cutaneous 
proximal to the flexor retinaculum (trans- 
verse carjial ligament) on the lateral side 
of the Palmaris Longus and Flexor Carpi 
Ulnaris respectively. They cross in front 
of the flexor retinaculum and end in the 
palm. The palmar cutaneous branch of 
the radial nerve (C. 0, 7) follows the an- 
terior border of the Abductor •Pollicis 
Longus on to the ball of the thumb. 

The most important cutaneous nerves 
of the hand, in fact the most important 
cutaneous nerves of the upper limb, are 
the palmar digital branches of the median 
and ulnar nerves There are ten palmar 
digital branches — one for each side of 
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each digit. The lateral seven are bran- 
ches of the median nerve, the medial 
three are branchds of *t?ie ulnar nerve; 
that is to say, the median nerve supplies 
3§ digits; the ulsar nerve 1^. The 
palmar digital branches furnish branches 
t6 the entire palmar surfaces of the digits, 
to the subungual regions (i.e., deep to the 
nail) and to the local joints. ^ The median 
nerve is especially generous in its su])ply 
of branches to the dorsum of the index 
and middle fingers {fig. fli). 

To expose a palmar digital ne,r\ e you 
should feel for the edge of a phalanx and- 
make a longitudinal incision in front of 
it, because the ner\’es run on the sides of 


nerve supplies digits: The radial 
supplies the remainder, except for the 
subungual regions of the lateral 3| digits, 
and the distal parts of the index and mid- 
dle fingers and half the ring finger which 
the median ner^ e supplies (fig. 04 ). The 
radial ner^'e supplies twigs to the joints 
‘•in its territory. * 

Variations in Pattern. Now, as it is 
lh(‘ prime duty of the anterior cprds 
(medial and lateral cords) to supply the 
front of the limb and of the posterior cord 
to cater for the back; the ulnar nerve in 
sending branches to the back of the hand 
is encroaching on ^‘posterior cord” terri- 
tory which should by rights be supplied 



-Rddial n.. 
‘"/Median, n. 


Fic.'tli. Digital Tiervesof theindex. (From a diBScrti<»n by M. Wellman) 


the fibrous flexor shoaths antoio-mcdial 
to their accom]).'mying arterio^^. A longi- 
tudinal incision that strikes bone* is be- 
hind the nerve and mis.ses it( sro lig. I 1 1). 

The Dorsum of the Hand ‘'iipfilied 
by tlie radial, ulnar and nualiaii ner\e> 
The dorsal cutaneous bra fir h nf (I'c ulnar 
nerve (C. 7, 8) and the ternunal branch of 
the radial nerve (C^ (i, 7), aftc^r i)a^sing 
deep to the Flexor Carpi Ulnaris and 
Brachio-radialis respecti\ ely, outcrop on 
the surface at the jiosterior borders^ of 
these muscles from one to four inches 
above ^he corresponding styloid process 
The dorsal branch of the ulnar nerve 
reaches the dorsum of the hand by cross- 
ing the medial (ulnar collateral) ligament 
of the wrist; the superficial radial nerve 
by crossing the ‘"snuffbox”. On the 
back of thfMand they communicate. As 
at the front so at the back, the ulnar 


l)y the radial iK'r\c. The discrepancy, 
however, is more a})j)arent than real, for 
the dorsal (’utaiieous branch of the ulnar 
nerve is: com])osod of fibers, which should 
have passed via the lowest of the three 
po.sterior di\ isions of the brachial plexus 
(8, 1) into the posterior cord and so to 
the radial nerve, but which elected the 
more direct pathw'ay of the ulnar ner\'e. 
In this instance the ulnar nerve may be 
said to accommodate the radial nerve. 
Occasionally the- radial nerve assumes its 
full responsibilities by supplying the en- 
tire dorsum of hand and digits — in such 
cases the dorsal branch of theYilnar nerve 
is w^anting. 

Dorsal Patterns: The cutaneous supply 
for the back of the hand has several pat- 
terns, thus: (a) the radial and ulnar 
nerves may increase or diminish their 
territories; (b) the posterior cutaneous 
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nerve of the forearm commonly invades 
the dorsum of the hand; (c) the dorsal 
branch of the lateral cutaneous nerve 
of the forearm may do so, even to the 
extent of completely replacing the cuta- 
neous branch of the radial nerve (Apple- 
ton) {jig^ 95), (d) The radial nerve 



Fig Oi Distribution of median and ulnar 
nerves in the hand. (After Stopford.) 


side of the ring finger; occasionally it 
includes the ulnar side of the middle 
finger and rarely ftie entire middle finger. 
Conversely the median nerve occasionally 
Mkes over the entire* supply of thh ring 
•finger. 

. Axiom. Perhaps there is too great a 
tendency to search for the cutaneous 
nerves of the limbs at prescribed horizon- 
tal levels. Most of the cutaneousi nerves 
ofthe upper limb are constant in becom- 
ing cutaneous at the borders of muscles 
which l»re run longitudinally, but the 
level at which they become cutaneous varies 
by as much as several inches; examples 
shown in figure 92 are : 

The upper lateral brachial cutaneous n. 
at the posterior border of the Deltoid. 

The lower lateral brachial cutaneous 
n. and , 

The posterior antebrachial cutaneous 
n. between the Triceps and Brachio- 





Fig. 95. Patterns of cutanehus nerve distribution tOfthe dorsum of the hand. (After Stopford) 


commonly supplies the subungual region 
of the thurnb. 

Palmar Patterns: Thb digital branches 
(-)f the ulnar and median nerves to the 
ring finger always communicate in tlie 
palm. Via this communication the ulnar 
nervo commonly (14 per ccYit, Stopford) 
extends its Jerritory to include the radial 


radialis along the line of the lateral inter- 
muscular septum. 

The lateral antebrachial cutaneous n. 
at the lateral border of the Biceps. 

The superficial branch of the radial n. 
at the posterior border of the Brg,chio- 
radialis. . 

The palmar cutaneous branch of tlie 
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median n. at the lateral border of the 
Palmaris Longus. 

The palmar cutaneous' branch of the 
ulnar n. at the lateral border of the FI. 
Carpi ‘Ulnaris. • « 

The dorsal branch of the ulnar n. at the 
nnfedial border of the FI. Carpi Uln'aris. 

In these instances you should think 
vertically and act vertically — not hori- 
zontally — because the border is constant 
or practically so; the level is inconstant. 

Superficial Veins. The superficial 
veins are generally visible through the 
skin in the ms^le; if not, they can readily' 
be made so by swinging (circumducting) 
the arm vigorously at t^e shoulder joint, 
ending wdth the limb dependent and be- 
low' the level of the heart. In a stout, 
anaemic person it may be necessary to 
obstruct the venous return by encircling 
the arm with a tourniquet lightly so that 
the veins are obstructed • but not the 
arteries. It may also be necessary to 
bandage the limb from hand to elbow 
in order to drive the contained blood to 
the region below the tourniquet. 

The veins form' many patterns. The 
dorsal venous arch on the back of the hand 
receives digital branches. It en^s medi- 
ally as the basilic vein and laterally as 
the cephalic vein. The basilic vein as- 
cends on the ulnar side of the forearm to 
the elbow and then in the medial bicip- 
ital furrow to the middle of the arm 
where it pierces the deep fascia. It 
then accompanies the brachial artery 
and its venae comitantes to the axilla 
and becomes the axillary vein. 

The Cephalic vein crosses '^thc snuff- 
box” (that is the depression at the side of 
the wrist proximal to the base of the 
metacarpal of the thumb) superficial to 
the branches, of the radial nerve. It as- 
cendson thjg’adial border of the forearm; 
in the lateraibicipital furrow of the arm; 
and in the cleft between the Deltoid and 


Pectoralis Major at the shoulder. It 
pierces the infraclavicular fossa (delto- 
pectoral triangle) and, after crossing 
superficial to the Pectoralis Minor and 
costo-coracoid membrane, which sepa- 
, rate it from the lateral cord of the plexus 
and the axillary artery, it ends in the 
'axillary vein. It passes either in front 
of or behind the lateral pectoral nerve. 

In the embryo, the cephalic vein 
crosses in front of the clavicle and ends 
in the external jugular vein; it may con- 
tinue to do so in postnatal life. 

A small vein, the median vein, runs up 
the front of the forearm and, after com- 
municating with a deep vein, bifurcates 
into a medial and a lateral branch, which 
join the basilic and cephalic veins re- 
spectively. The M-like pattern so- 
formed recalls the roots of the median 
iierve. ^I*ore commonly, how'cver, a 
large oblique win, the median cubital 
vein, placed in front of the elbow, joins 
[he cephalic vein to the basilic vein. 

The jmxctitioner of to-day employs 
Ihc median cu])ital vein in blood-trans- 
fusion; the barber of former days em- 
ployed it in blood-letting. Hence the 
barber’s sign^ — red and white wound spi- 
rally Oil a pole and a brass dish hanging 
from the pole. The pole for the patient 
to grasp; white for the bandage; red for 
blood; the dish to catch the blood. 

Relations: Ihe median cubital vein 
passes in front of the bicipital aponeuro- 
sis which separates it from the brachial 
artery and median nerve; and it passes 
in front of (or between) the branches of 
the medial cutaneous nerve of t^e forearm. 

Valves: With the nail of your index 
finger obstruct any conspicuous vein in 
your forearm and expel the blood from it 
by . stroking proximally with your thumb 
nail. Note that after removing the 
thumb the vein remains collapsed dfie to 
the presence of valves which prevent 
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reflux of blood, and that on removing 
the index the vein fills from below. 
(.Fig. 37.) 

* 

THE UPPER ARM AND THE 
FRONT OF THE ELBOW 

The Lower End of the Humerus. l*he 
lower ai^icular end of the humerus is^ 
divided into two areas: the capitulum 
foriihe head of the radius and the trochlea 


front, the radial and cororund fossae, 
which receive the margin of the he^d of 
the radius ancf the tip of the coronoid 
process of the ulna when the elbow is 
.fully flexed; and a large triangular one 
behind, the olecranon fossa, which receives 
the^blecranon of the ulna when the elbcrw 
is extended. 

The Lowef Half of the Body of the 
Humerus is flattened from before back* 
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Fic,. 9b. A, B and C represent progressive stages in sketching a humerus from the front. 
D. Posterior aspect showing attachments of muscles and contacts with nerves. 


for the trochlear (semilunar) notch of 
the ulna. One is spheroidal; thQ other 
is shaped like a spool (fig. 96). Im- 
mediately above and wide of these two 
condylar or knuckle-like articular areas 
are two projections, the medial and lateral 
epicondyles. The medial epicondyle can 
easily be grasped between the finger and 
thumb; the posterior surface of the less 
prominent lateral epicondyle is smooth, 
subcutaneous, and palpable. There are 
also 3 depressions: two small ones in 


wards and is divided by the medial and 
lateral supracondylar ridges into an 
anterior and a' posterior aspect. The 
medial and lateral suprcu^ondylar ridges 
ai^cend from the epicondyles and afford 
attachment to the medial and lateral 
intermuscular septa. The lateral and 
more prominent ridge extends to a broad, 
shallow groove, the spiral groove, which 
intervenes between the ridge aqd the 
deltoid tuberosity.^ The medial ridge rises 
to approximatelj*^ the same level as the 
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lateral one, and there for an inch gives 
place to a linear roiighra'ss, the site of 
mserdon of the Coraro-bvarhialis, 

Though the lower half of the humerus 
is flattened, it is nevertheless not flat.^ 
A flat sheet of metal will bend or break; 
a. corrugated sheet will not. Now, ‘this 
anterior aspect of this lower half of the 
bone has a smooth corrugation (f/g. ,97). 
This corrugation or roimded strengthen- 
ing bar of bone extends from the interval 
between the radial and coronoid fossae 
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lary border of the scapula. • Its presence 
clauses the lower half of the bone to be 
somewhat triangular on cross-section and 
it subdivides* the anterior aspect into a 
medial and a lateral surface. These sur- 
faces ar(‘ entirely devoted to fleshy fibers 
of„thc lirachialis; so, they are smooth. 
. The lowei- half of the poslrridr surface 
is (‘iitirely deAa)t(Hl to fleshy^ fibers of the 
medial head of the Triceps; so, it alf^ is 
‘smooth. 

The Upper Half of the Body of the 
Humerus is cylindrical in shape and, 
therefore, circular on cross-section, and 
it possesses 3 vertical lines for the at- 
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to the anterior margin of the deltoid 
tuberosity. It is continuous in the upper 
half of the bone with the lateral lip of 
the bicipital groove, which extends from 
the deltoid tuberosity to the anterior 
part of the greater tuberosity. These; 3 
— the rounded bar, the anterior border 
of the deltoid tuberosity, and the latei^l 
lip of the bicipital groove — constitute 
the anterior border of the humerus 98). 

The smooth, rounded bar performs 
the same strengthening function as the 
smooth, ro^ded, lateral border of the 
spine of tJft scapula {ind the smooth, 
rounded bar running parallel to the axil- 


LATERAL ANTERIOR MEDIAL 

Fig. as. The borders of the humerus. 

tachment of aponeuroses of muscles; 
otherwise it is bare. 

For descriptive purposes the thi’ee ver- 
tical lines form* the upper portions of the 
anterior, meclial, and lateral borders of 
the hope. The lateral lip of the bicipital 
(intertuborcular)* sulcus, caused by the 
insertion of tlie Pectoralis Major, is part 
of the anterior border described above. 
The medial lip of this vsulcus, ’^caused by 
the Teres Major (and Latissimus Dorsi) 
is part of the medial border (figs. 79, 
80, 81). The medial border extends from 
the lesser tuberosity, where the Sub- 
scapularis is‘ inserted, to the medial 
epicondyle. It includes the n^edial (epi-) 
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supracondylar ridge, the line of insertion 
of the Coraco-brachialis, and the medial 
lip of the bicipital groove. The third 
and least well marked of these lines, 
caused by the attachment of the lateral 
head of the Triceps, is part of the lateral 
border. The lateral border extends from 
near the lowest facet on the greater* 
tuberosity, where the Teres Minor is 
inserted, to the lateral epicondyle. It 
includes the lateral supracondylar ridge, 
the posterior margin of the deltoid tuber- 
osity, and the line of origin of the lateral 
head of the Triceps. And it is interrupted 
by the spiral groo\’e wherein lodges the 
radial nerve.® 

From these considerations it is*evident 
that the Deltoid extends across the en- 
tire breadth of the lateral surface and 
takes part in the anterior and lateral 
borders, and that the bicipital groove^ 
wherein lodges the long tendon of the 
Biceps, forms the upper part of the 
medial surface of the humerus. It also* 
forms the lateral wall of the axilla. 

Fascia. The arm or brachium is 
enveloped in a sleeve of tough deep fascia 
whose fibers take a more or less circular 
course. It is divided into an anterior 
and a posterior compartment by the 
medial and lateral intermuscular septa 
which pass from the deep enveloping 
fascia lo the supracondylar ridges {fig, 
99), 

Muscles. ' In the anterior compart- 
ment there are three muscles — Coraco- 
brachialis, Biceps BracKii, and Brachialis. 
In the posterior compartment there is 
one museje — Triceps Brachii. 

The Coraco-brachialis shares the tip 
of the coracoid process with the short 
head of the Biceps; so, both have tendinous 
origins. The roughness at the middle 

* In reality the nerve is protected in part 
^ fleshy fibres of the medial l^ad of the 
Triceps. • 


of the medial border of the humerus 
denoting the site of insertion of the 
Coraco-brachialts*has bfeen observed. 

The Long Head of the Biceps springs 
from the supraglenoid tubercle andposte- 
^rior rim of the glenoid cavity {fig. 84). 
Its tendon curves across the front of the 
head of the humerus, as will be seen when 
the shoulder Joint is studied, and then 
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Fig. 100. The insertion of the Biceps: The 
Biceps supinates. 


descends in the bicipital groove, encased 
in a tubular bursa, continuous with the 
synovial cavity of the shoulder joint. 

The long and short heads unite about 
t|;ie middle of the arm. Their common 
tendon is inS(U*ted into the posterior, 
rough half of the tuberosity of the radius, 
which is situated just below the medial 
side of the neck of the radius (Jig. 100); 
so, when the Biceps contracts, as when 
driving in a screwnail or corkscrew, it 
unrolls or supinates the radius. A bursa 



118 


A METHOD OF ANATOMT 


is required between the tendon and the 
smooth anterior part of the olive-shaped 
tuberosity. The bicepS Is also inserted 
into the fascia covering the flexor muscles 
by means of a fibrous band, the bicipital 
aponeurosis (lacertus fibrosus). 

••When the long head of the Biqeps, 
accompanied on its medial side by the 
short or coracoid head, passes beyond 
the bicipital groove, it comes to lie in 
front of the Brachialis and ceases to be 
tendinous. 

The Brachialis arises from the entire 
breadth of the anterior aspect of the 
lower half of the humerus (i.e., lateral 
surface, anterior border, and medial 
surface) and the origin splits into two 
limbs at the insertion of the Deltoid. One 
limb largely fills the spiral groove; the 
other extends upwards between inser- 
tions of the Deltoid and Coraco-bra- 
chialis almost to the insertion of the 
Teres Major {fig, 103). Seeing the axilla 
ends at the lower border of the Teres 
Major, it follows that the Brachialis 
extends almost to the axilla. Its origin 
is fleshy; so, the underlying bone is 
smooth. Its restricted and therefore 
fibrous insertion produces a rough eleva- 
tion (tuberosity of the ulna) on the an- 
terior aspect of the coronoid process of 
the ulna. 

Aciions. (1) The (’oraco-hrachialis 
passes from scapula to humerus. It 
flexes and adducts the shoulder joint, 

(2) The Brachialis passes from humerus 
to ulna. It flexes the elbow joint. 

(3) The Biceps passes from scapula to 
radius.* It can do by itself what the 
Coraco-brachialis, and Brachialis do to- 
gether; moreover, as has just been ex- 
plained, it is a powerful supinator of the 
radio-ulnar joints: 

Nevve S^ply. These 3 muscles and 
these 3 only ai-e supplied by the musculo- 
cutaneous nerve {fig. 158). 


The Triceps BRACHiii Its Umg or 
scapular head, being tendinous, springs 
from a rough impression, the infraglenoid 
tubercle, situated on. the axillary border 
of the scapula immediately below the 
glenoid cavity. This head separates 
thf 3 triangular space from the quadran- 
•gular space. It also separates two mus- 
cles that have opposite rotary actions, 
namely, the Teres Major and Teres 
Minor. The Triceps has two humeral 
heads, a ^medial and a lateral ; of these 
the medial head arises by fleshy fibers 
from the entire posterior surface of the 
humerus below the level of the spiral 
groove. The lateral head is largely 
tendinous and is responsible for the line 
that ascends from the posterior margin 
of the deltoid tuberosity. It also arises 
from a fibrous arch that bridges the 
spiral grobve. 

The common tendon of insertion is 
attached to the posterior half of the 
upper surface of the olecranon, a btirsa 
intervening betveoh it and the capsule 
of the elbow joint. Some fibers sweep 
distally into the deep fascia that covers 
the .Vneoneus, thereby forming the “/rz- 
c ipital apo ne ui'osis ’ ' . 

Action and Function. The Triceps is 
the extensor of the elbow joint. Its chief 
function or use is to keep the extended 
elbow' extended (i.e., to prevent it from 
fle.xing) when one is pushing an object. 

Nerve Supply. All 3 heads are sup- 
plied by the radial nerve {fig. 157). 

Structures aroUnd the Elbow. Before 
you examine the vessels and nerves of 
the arm , it is more than desirab/e that you 
become familiar with the disposition of 
the structures around the elbow. There 
is a two-fold reason for this: (1) Almost 
ev^ry important structure at the elbow 
can be palpated in the living subject. 
You can,, therefore, at any time roll up 
your sleeve, palpate, and thereby refresh 
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your memory. (2) On this account the 
region assumes a key position both to the 
front of the upper arm and to the front 
of the forearm. Therefore, identify the 
structures by palpation and confirm 



Fig. 101. Two key positions, 
their positions by dissection (Jws. 101, 
102) thu^: 

When the elbow is flexed- to a right 
angle and the forearm forcibly supinated 
(the palm of the hand then faces up* 
wards), the Biceps tendon and ,the 
bicipital aponeurosis stand out at the’ 
middle of the front of tfie.albow as a 
prominent* central landmatk, } inch in 


width. They can be grasped between 
the index finger and the thumb. When 
the Biceps is r^laxecf (rest forearm on 
the table) the pulsations of the brachial 
•artery can be felt just medial to the*Biceps 
, tendon; and with the tips of the fingers 
tha median nerve, which lies just medftil 
to the artery, can be rolled on the Bra- 
chialis. Tha ulnar nerve, lying behind 
the medial epicondyle, can be felji to slip 
from under the finger tips as they .are 
drawn across it. It can be traced half 
way up the arm. With the tips of two 
*or three fingers the lateral supracondylar 
ridge can be traced to the spiral groove, 
and an endeavoi; made to roll the radial 



Fig. 102. Section showing nerves at elbow. 
Note their ''sides of safety . 

nerve against the bone. For success in 
this, it^must be appreciated that the 
course of the nerve is almost vertical. 
The musculo-cutaneous nerve appears at 
the latcfal border of the Biceps, one or 
two inches above the bend of the elbow, 
an^ becotncvs the lateral cutaneous neiwe 
of the forearm. 

Though easily located, it is not easily 
palpated. With the elbow tent to a right 
angle and the palm of the hand facing 
the body (that is, midway tet^Meen pro- 
nation and supination, as you would 
carry it loosely in a sling) the two muscles 
(Brachio-radialis and Ex. Carpi Radialis 
Longus) that spring from tlie lateral 
supracondylar ridge can be gi-asped be- 
tween fingers and thumb. If this fails 
to render them prominent, placing the 
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raidiul edge of the cloned lint under the tions of the structures in this key position 
edge of a heav}’’ table and Iryiiig to lift are established in your mind, you may 
it will cause the muscles lo stand out. If return to a former landmark, the Pec- 
you could open up the si)ace between (oralis Minor (Jig. lOl). Ilchind the Pec- 
thc twb muscles that lie laterally and • toralis Minor you saw three cords of the 
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Fia. 103. Showing the posterior relations of 
the brachial artery. 


tli(^ Brunchialis, whicli lies medial to 
them, you would see th(' radial nerve in 
the depths. The l)iei{)ital aiioncurosis 
(lacertus tibrosus) prevents the flexor 
muscles, ^vhi^ sprinj^ from tlio medial 
epicondyle, fr^ being grasped. 

I'he Brachial Artery. When the rela- 


, brachial plexus arranged around the axil- 
lai^V artery according as they are named 
—medial, lateral, posterior. The axil- 
larji vein, which is the upward continua- 
tion of the basilic vein, lay medial to tfic 
artery. Tlie artery la3^ a finger’s breadth 
from the of the coracoid process. 

The axillary artery, after crossing the 
Subscaptlhiris, Latissimiis Dorsi, and 
Teres Major, enters the arm as the bra- 
chial (fig, HU), 

The brtichial artery is the largest artciy 
whose ])ulsatioii and whose walls can bo 
felt satisfactorily in the living subject, 
ft. may lie palpated along the medial 
bicipital furrow throughout the length of 
tlie arm to tlie point where it disappears' 
behind th(' bicipital aponeurosis. At the 
l(‘vel ol th(‘ n(‘ck of the radius, one inch 
b(*low Ili(‘ traris\'(‘ts(^ crease of the elbow, 
it dividi'S into its \ \\i) terminal branches, 
a largfu* ulnur (irfvrif and smaller radial 
arterji In tli(‘ upper pqrt of its sub- 
biscial (‘ours(* it lies mc'dial to the hu- 
nuu’us; th(M’efor(\ lo oca^ludc' it you must, 
press laterally. In the lower part of its 
course it lii^s anterior to tlie liumeriis; 
tlierefore, to occlude it you must press 
backwards. Its upper one-third has the 
long head of the Triceps and the insertion 
of the <.k)raco-brac}iialis behind it; its 
lo\\(*r two-thirds, that is 07 per cent of 
it> length, has the Brachialis behind it. 

Its collateral branches are: muscular, 
profunda brachii, ujnar collateral, medul- 
lary, and supratrochlear (inferior ulnar 
collateral). Their special interest lies 
in the anastomoses they effect around 
the shoulder and elbow (Jig. 185), 

Venae cti^nnlanles accompany the bra- 
chial artery and make a very ^pen net- 
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work around 'it. They end in the axil- 
lary vein. 

Nerves. You have now to ask your- 
self which of the terminal and which of 
the collateral branches of the brachial 
plexus cross the lower border of the Teres 
Major; (or they have to be accounted 
for in the arm. It is not diflScult to* 
decide that of the six terminal branches, 
5 nfust cross the boundary and enter the 
arm, for you have already identified them 
around the elbow. They are the muscu- 
locutaneous, the ulnar, the two roots of 
the median (or the median itself), and 
the radial nerves. Only one, the cir- 
cumflex nerve, disappears at the upper 
border of the Teres Major *and so 
fails to enter the arm. Two collateral 
branches (medial cutaneous of the arm, 
medial cutaneous of the forej-rm) have 
already been considered, so has the 
branch of the radial nerve w^hich divides 
into the nerve to the long head of the^ 
Triceps and the posterior cutaneous nerve 
of the arm. 

At first, the branches of tlie brachial 
plexus tliat enter the arm naturally bear 
tlie same direct, relal ionship to the 3rd 
part of the axillary artery and l)eginning 
of the brachial artery as the cords from 
which the^^ spring beai’ to the 2nd part 
of the axillary artery. Tlie two roots of 
tli(' uKHlian nerve, however, unite almost 
at once in front of (or rather towards the 
lateral side of) the artery. 

The Musculo-cutaneous Nerve* arises 
from the lateral cord of the plexus (5, 6, 
7) and extends to the lateral border of the 
Biceps, an inch or more above the trans- 
verse crease of the elbo\^. It srton pierces 
the deep fascia to become the lateral cu- 
taneous nerve of the forearm. It, there- 
fore, must course distally and lateral- 
wards. It pierces the Cor^co-brachialis 
and continues between the Biceps and 
Brachialis; ^nd it supplies these three 


muscles. It generally supplies and 
pierces the Cpmco-bfachialis while in 
the axilla; therefore, though it lies lateral 
to the brachial artery, it is a short dis- 
•tance from it. 

• Commonly, many of the fibers that 
. the*lateral cord should contribute to the 
median nerve elect to travel with the 
musculo-cutamcous nerve for a variable 
distance, even as far as the lower third 
of the arm, before joining Ihe median 
nerve. {Fuj. Jo8.) 

The Nlnar Nerve arises from the medial 
*cord of the plexus ((7), 8, i) and extends 
to the back of the medial epicondyle, and 
onwards into the«forearm. It, therefore, 
must pass distally and medially. It is 
applied to the medial side of the great 
arterial stem till it reaches the middle of 
the arm. There it leaves the artery and 
passes behind the medial intermuscular 
septum into flie posterior compartment 
of the arm, where it lies subfascially ap- 
plied to the medial head of the Triceps. 
You have palpated it in the distal half 
of the arm. Accompanying it behind the 
septum are the (superior) ulnar collateral 
artery and a branch called -the ulnar 
collateral nerve, sent by the radial nerve 
to the medial head of the Triceps. 

The ulnar nerve neither gives nor 
receives branches in the, arm but makes 
a “r\on-stop'' journey through it. 

The Median Nerve. Its two roots 
((5), 6, 7 and 8, 1) unite a little below the 
Pectoralis Minor’ in front of — or rather 
to the lateral side of — the artery. You 
have rolled it on the Brachialis medial 
to*the artery at the elbow; so, evidently 
it crosses the artery very obliquely. 
Does the crossing take place behind the 
artery or in front of it? Usually. in front 
(in the ratio of 7:1). This is explained 
’ by the fact that the brachial arterf was 
represented in embryonic life by two 
vessels, and the median nerve passed 
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between them. In cases where the an- 
terior vessel disapp(jars, t^e nerve crosses 
in front; in cases where the posterior 
vessel disappears, it crosses behind; 
where Iboth vessels persist, the nerve 
pa^es between them {fig, lO-i). Further- 
more, when both vessels persist, one is 
usually continued into the forearm as the 
radial artery, the other aS' the ulnar. 
This is spoken of as a high division of the 
brachial artery. 

The median nerve gives off no branches 
in the arm — unless a muscular brdnch to 
the flexors arises unusually high. It 
commonly receives communications from 



Fig. 104. Explaining the variable relation- 
ship of the median nerve to the brachial artery. 
Percentages are based on 307 limbs. 


the musculo-cutaneous (i.c., accessory 
roots) and occasionally gives branches 
to it; and, strictly speaking, the formation 
of the median nerve is not completed 
until the last communication from the 
musculo-cutaneous has joined it. After 
crossing the artery in the middle of the 
arm, the median nerve s^sumes the posi- 
tion held by the ulnar nerve above this 
level. 

The Radial Nerve, being a terminal 
branch of the posterior cord (5, 6, 7, 
8 (1)), lies behind the axillary artery and 
in front of the Subscapularis, Latissimus 
Dorsi, and Teres Major. On entering 
the afm, it^ill lies behind the main ar- 
terial stem and is in front of the long head 
of the Triceps. 


You have already palpated the nerve 
at the lateral side of the arm and have 
exposed it in the depths between the 
Brachio-radialis (which overlaps it) and 
* the Brachialis. It lies on the capsule of 
r the elbow joint and on the Supinator. At 
a variable point it divides into two ter- 
minal branches: (1) a sensory branch, 
the (superficial) radial nervCy and (2) a 
branch that is essentially motor, the 
posterior interosseous nerve (deep radial 
n). The fatter disappears into the sub- 
stance of the Supinator just below the 
elbow {fig. U'i7). In this course, branches 
pass from the radial and posterior interos- 
seous nerves to 4 muscles Jirachio- 

radialis, Carpi Radialis Longus, Ex 
(^arpi Radialis Ihevis, and Supinator. 
Obviously, these })ranches pass from the 
lateral sidfs of the nerves; hence, the 
medial side is 1h(‘ safe side on which to 
dissect (Jig. UU). Hranches pass to the 
elbow joint and a twig i)asses to the 
Hra(‘hialis. 

You have now to trace the radial nerve 
through the posterior compartment of 
the arm. On leaving the long head of 
the Triceps, the nerve ^ters the 'wide, 
spiral groove of the humerus, but does 
not nearly fill it. This groove is con- 
verted into a tunnel by the lateral head 
of the Triceps and the lateral intermuscu- 
lar septum. Witliin the tunnel, the 
radial nerve descends almost vertically 
along the origin of the medial head of the 
Triceps, which lies medially {fig, 00, D) 
and the origins of the lateral head of the 
Triceps and the Brachialis, which lie 
laterally. On escaping from fhe tunnel, 
the radial nerve ' re-enters the anterior 
compartment of the arm and continues 
its, nearly vertical descent deep to the 
Brachio-radialis. 

It is a^common fault to dissect for the 
nerve along the posterior border of the 
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Deltoid, forgetting that the Brachialis 
extends well up the groove {fig. lOS). 

Branches {fig. 157). In the axilla, the 
branch to the long head of the Triceps 
arises with the posterior cutaneous n. ' 
of the arm. • 

At t1^ medial side of the arrA, a. 
branch to the medial head of the Triceps 
(ulnar collateral n.) descends with the 
ulftar n. behind the medial intermuscular 
septum. 

At the back of the arm, branches arise 
high up for the humeral heads of the Tri- 
ceps and the Anconaous ; the low*er lateral 
cutaneous n. of the arm and the posterior 
cutaneous n. of the forearm arise lower. 

At the lateral sidr of the arm *and front 
of the elbow, branches pass to the Brachio- 
radialis, Ex. ('. Radialis Longus, and 
elbow joint; a twig passes to the Bra- 
chialis; and branches pass from the pos- 
•terior interosseous n. to the Ex. C. 
Radialis Brevis and Supinator. ^ 

All muscles supplied by the radial n. 
and its branches belong tle\'elopmentally 
to the back of the limb ; and all muscles 
supplied by the musculo-cutaneous, me- 
dian, and ulnjy nerves belong develop- 
mentally to the front, as explained (page 
109).’ 

Axiom. The level at which motor 
(and sensory) branches leave a nerve is 
very variable; but the side from which 
they leave is constant — naturally, they 
leave from the side nearest the muscles to 
whic4i they are distributed. Certain 
nerves have sides of safety and sides of 
danger] sides on which it is safe to dissect 
and sides pn which it is dangerous. The 
me(han and radial nerves af the elbow 
exemplify this rule. The mediflji..nftcyc 
supjpUes flejfcpja,.,thei;efore its branches pass 
meSaljy; tj^e racjial ne]:xe.,.supp]iea..exr 
tensori^ Jtherefpr§ Jfe , brjanches^ 
laterdly {jig. 102). It is, •therefore, 
safe^or relatively safe, to dissect on the 


lateral side of the median nerve and on 
the medial side^of the radial nerve. 

The Profunda Artery arises from the 
brachial artery just below the Teres 
Major. It is the companion artery of the 
rac^ial nerve. By its anastomoses^ it 



Fia. 105. Four types of variations in origin 
of*tbe posterior humeral circumflex and pro- 
funda brachii arteries ^n 2.9% the arteries were 
otherwise irregular. rercQutagcs are based on 
235 specimens. 

la 7.3% of 123 specimens the profunda artery 
arose from the stem of the subscapular artery 

brings the axillary artery above into 
communication with the radial and ulnar 
arteries below. Thus; 

•Above, a recurrent branch (commonly 
present) ascends on the humerus between 
the Teres Major aiid lateral head of 
the Triceps and anastomoses .with the 
posterior humeral circumflex artery. 

Below, it has two terminal branches, an 
anterior and a posterior. The anterior 
branch follows the radial nerve “through” 
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the intermuscular septum and anasto- 
moses with the radial recurrent artery; 
the posterior lu’ancli desta'nds behind the 
septum to Hie back of the lateral epi- 
condylc and /inastonioses with the pos- 
terior ijilerosseous recurrent artery (Jy. 
i8r>). 

A medullary or nuirind hranch is com- 
monly gi\'en off, in which cai!c there is a 
forami'n m the spiral groo^^e. ( )bviously, 
there are also muHculnr and cutaneous 
hmnehes. (iSce Jig. lOo.) 

Features of Interest at Mid-arill. At 
the middle of the arm, where Coraco- 
brachialis is inserted: 


a. Basilic vein pierces deep fascia to 
become deep. 

- b. Medial cutaneous nerve of the fore- 
arm pierces the deep fascia to become 
‘cutaneous. 

• c. A subcutaneous lymph gland is not 

f 

■uncommonly present. 

d. Median nerve crosses the bracljial 
artery. 

e. Ulnar ner\ c passes behind the inter- 
muscular septum accompanied by the 

f. Ulnar collateral artery and ulnar 
collateral nerve. 

g. Medullary artery enters the bone. 



CHAPTER 5 


THE FLEXOR REGION OF THE 
FOREARM 

You will find it profitable to construct 
the flexor region of the forearm by erect- 
ing the two bones as scaffolding and by 
building three layers of muscles on and 
around them. You must employ your 
knowledge of the palpable parts at the 
front of the elbow and wrist, for it will 
enable you without difficulty to install 
the nerves and vessels. If you can 
place them in correct relationship to the 
Flexor Digitorum Hublimis you will prove 
yourself master (jf the plan and you will 
hold the key of the region. 

Deal with the structures in ihc follow’- 
ing order: (a) The radius and ulna, (b) The 
muscle.s that immediately clothe them in 
front and medially, (e) The interme> 
diately placed nui.sclc-the Flexor Digi- 
torum Sublimis. (d) The palpable 
structures at the wrist, (e) The superficial 
flexors, (f) The nerves and vessels. 

The Radius and Ulna. The features 
of the. ends of these two bones are to be 
identified now', and the flexor surfaces of 
the bodies studied in detail. 

The proximal end of the radius con- 
sists of : Head, neck, and vadial tuberosUy 
for the Biceps insertion. 

The distal end of the radius consists 
of : Lower articular surface, ulnar notch, 
styloid process, anterior and posterior as- 
pects. On the last are the dorsal radial 
tubercle of Lister and several grooves. 

The proximal end of. the utoa con.sists 
of: Olecranon, coronoid process, trochlear 
(semilunar) notch, radial notch, and ulnar 
tuberosity for the Brachialis insertion: 

The distal end of the ulna consists of: 
Head, styloid process, pit for tlte attach- 


•ment of the articular disc, and’ groove 
for px. Carpi Ulnaris. 

. The body of the radius is cylindrical 
and somewhat tapering above; the body 
of the ulna as cylindrical and somewhat 
tapering below. The expanded lower 
two-thirds of the one and the expanded 
upper two-thirds of the other are triangu- 
lar on cross section. The two bones are 



united by an . interosseous membrane, 
which, on account of the disto-raedial 
direction of its fibers is able to transfer 
from radius to ulna the force of an impact 
received by the hand (Jig. 106). This 
strong membrane produces a rough ridge 
on the radius and an- equally rough one 
on the ulna, known as their medial and 
lateral borders respectively, or ' alter- 
nativelj' as their interosseous borders. 
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The medial or interohsooiis border of the 
radius may be traeed proxiinally, from 
where the two hues bounding the ulnar 
notch unite above a triangular fossa, to 
the radial tuberosity. The lateral or 
interosseous border of the ulna may, be 
traced distally, from where the two liile^^ 
bounding the radial notch unite below a 


convention is followed (fig, 108). Therefore, as 
the radius has a medial border it must have a 
surface designated the lateral surface; stnd the 
Ulna having a lateral border must have a sur- 
face designated the medial surface. Now, a 
glance at the skeleton will suffice to show that 
^hoth the radius and the ulna have anterior and 
posterior surfaces and therefore as a corollary, 
posterior and anterior borders. Having no 
medial surface the radius cannot have a border 


RADIAL NOTCH 
OF ULNA 


HEAD- 

NECK- 


TUBEROSITY 
SUPINATOR 


ANT. 0BLIQUE_ 
LINE 


PRONATOR 

TERES 


PRONATOR 

QUADRATUST 


BRACHIO 

RADIALIS 

STYLOID 

PROCESS 



-j OLECRANON 

I J^^CORONOID P. 

TUBERCLE 
BRACHIALIS 
TUBEROSITY 


‘interosseous 

MEMBRANE 

BORDERS 


PRONATOR 
" QUADRATUS 
CREST 


head 

STYLOID 

PROCESS 


ULNAR NOTCH 
OF RADIUS 


Fio. 107. Features of the radius and alna (anterior aspect) 


triangular fossa, to the lateral side* ot the 
head of the ulna (fig W7). « 

Conventiona in Terminology. Practically all 
long bones are triangular on cross-section, and 
their surfaces and borders are named by oppo- 
sites. A surface diametrically opposite a 
medial. border is logically named a lateral 
surface; and ll^surface opposite an anterior 
border is logically called cf posterior surface; 
and, for other surfaces and borders this logical 


named the lateral; for a like reason the ulna 
cannot have a border named the medial. This 
is axiomatic; it is applicable to* the names 
given to the surfaces and borders of all long 
bones -including the clavicle and the humerus. 
Because the borders and surfaces of the radius 
and ulna are outspoken and have considerable 
.descriptive and practical value attention is 
directed to this matter of terminology now. 

It is weK to reserve the term **8urface’* of a 
long bone for an area bounded by two specified 
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borders; and t6 apply the term ''aspect** to an 
area visible from a certain aspect or viewpoint, 
and perhaps embracing two surfaces: for ex- 
ample, the lower half of the anterior aspect 
of the humerus includes its medial and lateral 
surfaces as well as the anterior border between 
them {fig, 97). ^ 


The body of the 
Borders: 
medial, 

* anterior, 
posterior. 
The body of the 
Borders: 
lateral, 
anterior, 
posterior. 


radius has: 

Surfaces: 
lateral, 
posterior, 
anterior, 
ulna has: 

Surfaces: 

medial, 

posterior, 

anterior. 


At the summit of the convexity of the 


styloid process; the posterior border to 
the dorsal radial tubercle of Lister {fig. 

m. • • " 

The posterior border of the ulna ex- 

• tends from the apex of the pbsterior 
subcutaneous surface of the olecranon, on 
which lies the olecranon bursa, to fhe 
back of the styloid process. This border 
is sharp, subcutaneous, and always pal- 
pable from end to end; and when the 
forearm is raised in self-protection, it is 
liable to be struck and the bone fractured. 

The* anterior border extends from the 

* tuberosity on the coronoid process, into 
which the Brachialis is inserted, to the 
front of the styloid process. It is smooth, 
except in its lower quarter where it forms 
a rough ridge, the pronator ndge, for 



Fig. lOS Conventions in terminology illus- 
trated by the radius and ulna on section: sur- 
faces in large type; borders in small type. 



ANTR. BORDER 



ANTR. BORDER 


Fig 109. The rounded anlJerior borders of 
the humerus and ulna acting as strengthening 
bars (see also fig. S6) 


lateral surface ^of the radius there is a 
rough area for the Pronator Teres This 
impression spreads right across the lateral 
surface; and from it two sharp lines, the 
anterior and posterior oblique lines, ascend 
across the anterior and posterior aspects 
of the bone to the radial tuberosity. 
These lines are the upper segments of the 
anterior and posterior borders ’respec- 
tively. They call to mind the deltoid 
tuberosity of the humerus and the proxi- 
mal segments of the anterior and lateral 
borders of the humerus that ascend from 
it to the greater tuberosity (page 103). 
The entire V-shaped area of the body of 
the radius between the anterior and pos- 
terior oblique lines is appropriated by‘ 
the Supinator. The anterior border can 
be traced downwards to the front of the 


the fibrous origin of the Pronator Quad- 
ratus. .The smooth, rounded, anterior 
border of the ulna separates the anterior 
and medial surfaces. It is a strengthen- 
ing bar that fulfils the same function as 
the^ smooth, rounded, anterior border of 
the humerus {fig, 109). The former gives 
origin to fleshy fibers of the Flexor Digi- 
torum Profundus; the latter to fleshy 
fibers of the Brachialis. Functionally 
and morphologically, then, the medial 
surface of the ulna belongs to the flexor 
surface of the forearm. The posterior 
and lateral borders afford attachment to 
fibrous tissue and owe their sharp and 
rough qualities respectively to this fact. 

^undaries. The flexor region -of the 
forearm has as * its basis the anterior 
surface of the radius and the anterior 
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and medial surfaces of llie ulna (fig. 110). 
Medially, it is mai;ked from the ex- 
tensor region by the olecranon and the 
posterior border of the ulna, both of 
which arc subcutanemis. Laterally, it 
is marked off from the extensor region, by 
the anterior border of the radius, whibh 
is submerged except near th(j wrist. 

Guarding the lateral bofmdar}^ like 
4 sentinels are tlu' sites of insertion of 
tile tensions of tlie 4 flexors of ihe elbow 
join — Brachial is. Biceps, Pronator 'Peres, 
Brachio-radialis (/n;. lU). More ‘super- 
ficially the coirrse of tlie radial artery 
serves as a practical guide to tlie lateral 
boundary. 


. FLEXOR REGION , 

ME.OI<^rs dc ULM^R 



EXTENSOR REGION 

Fio. 110. Regions of the forearm. 

Muscles That Clothe the Flexor As- 
pects of the Bones. The Fronatur Quad- 
ratus arises from the pronator ridge of the 
ulna and from the anterior 'surface of the 
bone lateral to it. It is inserted by 
fleshy fibers into the smooth, lower quarter 
of the anterior surface of the radius as 
well as into the triangular area above the 
ulnar notch. This is possible because the 
interosseous membrane follows the hinder 
of the lines limiting this triangular area. 
The Flexor Pollicis Longus arises from 
the smooth, anterior surface of the radius 
and adjacent part of the interosseous 
membrane from the level of the Pronator 
Quadratus below right up to the anterior 
oblique line Ijpm which the aponeurotic 
radial head ot the Flexor Digitorum Sub- 
limis arises. Above this level the Su- 
pinator has beeii^seen to occupy the bone 


up to and beyond the insertion of the 
Biceps into the posterior, rough half of 
the radial tuberosity. The Flexor Digi- 
torum Profundus arises from the smooth 
anterior surface, smooth rounded an- 
terior border, and smooth*mediaI surface 
of tfee ulna, from the level of the pronator 



Fio. 111. Flexor aspect of the bones of the 
forearm. The four flexors of the elbow like 
sentinels guard the boundary between flexor 
and extensor territories. 

Quadra/.us right up to the insertion of 
the Brachialis artteriorly and up so as 
to cover the coronoid process and ole- 
cranon medially. 

Note that, between them, the seven 
foregoing muscles "occupy all the avail- 
able space on the anterior aspects^ of 

^.The anterior aspect of radius includes the 
•entire anterior surface, the anterior oblique 
line, and part of the lateral surface for the 
Supinator, and radial tuberosity. The medial 
aspect of ulna includes the medial surface, 
and the medial surfaces of the coronoid process 
and olecranon. 
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the bodies of the radius and ulna as 
well as on the medial aspect of the ulna 
above its lower one-third, which is sub- 
cutaneous. They may be thought of as 
a carpet. The vessels and nerves that 
pass through the flexor region of the 
forearm are separated from the bones. by 
this cai^et; that is to say, they pass 
progressively from one muscle to another 
witliout touching bone. This statement 
is wholly true of the ulnar artery and 
nerve, and of the median nerve. It is 
true of the radial artery, except at its 
lower part where the pulse is felt. . Reser- 
vations, however, must be made regard- 
ing the anterior interosseous artery and 
nerve. . 

Axioms, (a) Sin(‘c the individual 
fleshy fibers of the deep digital flexors 
(i.e., Flexores Pollicis TiOngus and Digi- 
torum Profundus) are of appVoximately 
the same length, it must follow that their 
tendons begin on their anterior aspects 

(b) The fleshy fibers must cease before 
the projecting anterior border of the 
lower end of the radius (or ulna) is 
reached, because fleshy fibers cannot sur- 
vive severe pressure or friction. 

(c) Even a tendon at such a site of 
friction requires a bursa or synovial 
sheath to facilitate its play. 

Observe that the Pronator Quadratus 
is sheltered by the projecting anterior 
border of the lower end of the radius, and 
that the deep flexors bridge it anej there- 
fore do not hamper its action. 

(d) It is self evident that the sectional 
area of the tendon of a muscle is smaller 
than the sectional area of its fleshy belly. 
This being so, the tefidons of the deep 
digital flexors are able to converge on the 
mid line of the limb in order to enter the 
carpal tunnel {fig. 131). In doing so, 
the tendon of the Flexor Pollicis Longus 
must leavQ the lateral part of the Pro- 
nator Quadratus uncovered, thereby al- 


lowing the radial artery to come to lie on 
it {fig. 113) \ and, the Flexor Digitorum 
Profundus muelr leave the lower third 
of the medial surface of the ulna denuded, 
,and, therefore, subcutaneous and pal- 
pable between the tendons of the Flexor 
and* the Extensor Carpi Ulnaris (fig. 
111 ). . 

The five Jendons of the deep digital 
flexors lie side by side as they pass 
through the carpal tunnel. In lower 
primates there is a common deep digital 
flexor ^or the five digits, but in man the 
• Flexor Pollicis Longus is an independent 
muscle and the deep tendon to the index 
acquires a certain independence in the 
forearm. 



Fig. 112. Tendon of deep digital flexor: for 
axioms see text. 


» 

The Anterior Interosseous Nerve and 
Artery arise from the .median nerve and 
common interosseous artery respectively 
an inch or so below the elbow, and pass 
to the interosseous membrane. There- 
after, the nerve and artery and their 
branches cling to, and never part from , the 
'‘skeletal* plane”. 

By Skeletal Plane is meant: bone, in- 
terosseous membrane, ligament, or joint 
capsule. 

The Nerve i^uiiplics the three deep 
muscles (FI. Pollicis Longus, FI. Digi- 
tprum Profundus, and Pronator Quadra- 
tus); but not entirely: Ihe branches it 
sends to the deep flexors control the 
tendons to the 1st, 2iid, and 3rd digits, 
leaving those to the 4th and 5th for 
the ulnar nerve to supply. This it does 
a little below tjie elbow. The Flexor 
Digitorum Profundus has, then, a double 
nerve supply. The anterior interosseous 
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nerve ends bj' suiipl^'ing the Avrist and 
carpal joints. 

* r f 


CAPSULE—^ 


BR.A. 



F.DIG. 

PROF. 


UL.A. 


I a. 3. *r- 


Fio. 113. The seven muscles clothing the 
flexor aspect of the radius and ulna. 

The Artery supplier a medullary branch 
to thcT radial, and one to the ulna, and 
ends by anastomosing on the front and 
back of the wrist. Primitively, it was 


tlic direct continuation of' the brachial 
artery, and in prenatal life it was for a 
period the only artery in the forearm; 
so, it is of liistorical interest. 

The Flexor Digitorum Sublimis (Jig. 

, 11/i) occupies an intermediate position 



between the superficial and deep flexors. 
Developmentally, it is a delaminated por- 
lion of the deep flexors of the digits; and, 
it arises at their upper borders {fig. IIS). 
Thus, it arises from: (1) the ^anteriqr 
oblique line of the radius l^tween the 
attachments of the Flexor PplHcisJLongus 
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and the Supinator ; (2) the anterior strong 
fibrous cord of the medial ligament (ul- 
nar collateral lig.) of the elbow joint, 
and from the bone at each end of the 
ligament, (viz., the medial epicondyle 
of the humerus and the tubercle on the 
coronoid process of the ulna); (3) the 
intermuscular septa, especially the sep- 
tum between it and the FI. Carpi Ulnaris. 
It has, then, a humeral, an ulnar, and a 
radial origin. 

A fibrous band l)ridges thfe *interv^al 
between the ulnar and radial origins and 
thereby allows the median neiVe and 
ulnar artery to pass deep to the Flexor 
Digitorum Sublimis. 

Unlike the tendons of the PI. Digi- 
torum Profundus which lie side by side, 
the tendons of the FI. Digitorum Sublimis 
are ‘^two deep^’, those for dibits 3 and 
4 being in front of those for digits 2 and 
5; and all four are free in the forearm. 
The radial head belongs to digit 3; the 
fleshy bellies for digits 2 and 5 are inter- 
rupted about their middles by inter- 
mediate tendons; that is to say, they are 
digastric muscles. 

The median ^nerve supplies the Sub- 
limis, including the proximal and distal 
bellies of the digastric parts, and it 
clings closely to its deep surface. 

Intennuscular Lines. Note (a) that 
when a finger or the handle of an instru- 
ment is insinuated from the lateral side 
of the forearm in front of the FI. Pollicis 
Longus and carried proximally, it is ar- 
rested by the attachment of the Flexor 
Digitorum Sublimis to the anterior ob- 
lique line^of the radius; (b) that when 
insinuated from the medial side in front 
of the Flexor Digitonim Profimdus and 
carried proximally, it is arrested by the 
attachment of the Flexor Carpi Ulnaris 
to the posterior border of, the ulna; (c)’ 
that wheminsinuated between the Flexor 
Carpi Ulnaris and Flexor Digitorum 


Sublimis and carried proximally, it is 
arrested by the common septum from 
which these two muscles spring. Now, 
the Flexor Digitorum Sublimis is sup- 
» plied by the median nerve and the Flexor 
Carpi Ulnaris by the ulnar nerve; so, the 
septum marks an intemervous line. This 
may safely be opened up, the two muscles 
pulled aparbi and access gained to the 



Fig. 115. Surface anatomy of the front of the 
wrist: a key position. 


deeper parts of the foi’eami without fear 
.of damaging a motor nerve, until a 
point is reached about 2§" below the 
medial epicondyle, for at this level 
branches of the ulnar nerve enter the 
Flexor Digitorum Profundus and Flexor 
Carpi Ulnaris. 

Surface Anatomy of the Front of the 
Wrist {fig. 115). The relations t>f the 
structures at the* front of the wrist mqst 
be established as part of your present 
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knowledge. Like the structures about 
the elbow, they must )be identified by 
palpation in the Jiving subject and con- 
firmed by dissection. Tlicy occupy the 
3rd key position on the front of the' 
limb. , 

The most distal s^'in crease at the 
wrist, slightly convex tow^ards the palm, 
corresponds to the upper border of the 
fiexor retinaculum (transverse carpal lig- 
ament). It crosses the two prominent 
proximal bony pillars to which the retin- 
aculum is attached, namely, the Huhercle 
of the scaphoid'bone laterally, the pisiform 
hone medially. Where the prominent 
tendon of the Flexor* Carpi Radialis 
crosses this skin crease at the junction 
of its lateral one-third with its medial 
two -thirds, it passes in front of the 
scaphoid tukercle and so serves as a 
guide to it. The Flexor Carpi Radialis 
is rendered very promind'ht when the 
clenched fist is fully flexed and abducted 
against resistance. The tendon of the 
Flexor Carpi* Ulnaris, the most medial 
of all the structures at the wrist, can 
be traced to the pisiform at the medial 
end of the crease. The most lateral of 
all the structures are the tendons of tin' 
Abductor Pollicis Longus and Extensor 
Pollicis Brevis, Bisecting tho distal 
skin crease, (i.e., at the middit* of the 
front of the wrist,) is the most important 
of all the structures — the median nerve. 
It cannot be palpated, but it is there. 
Two layers of fascia and the Palmaris 
Longus tendon lie in front of it. The 
Palmaris Longus is to be brought into 
prominence b}" full 3 " flexing the closed 
fist and then applying resistance to it. 
[In a series of 224 subjects, Palmaris 
Longus was present on both sides in 
80%, absent on both sides in 8%, ab- 
sent on theyjight only in 7% and absent 
on the left only in 5%, R. K. George.] 
The radial artery is to bo felt pulsating 


belwet'n the FI. Carpi Radialis and the 
Alxiuclor Pollicis Longus. The ulnar 
artery and nerve pass into the palm im- 
mediately lateral to the pisiform. As, 
howe\’er, a strong band of fascia covers 
' them, the i)ulse of this artery is not easily 
felt. Finally, when the wrist is extended, 
a fulness, due to the Flexor Digitorum 
SublimiSj appears between the Flexor 
Carpi Ulnaris and the Palmaris Longus. 
The lower end of the radius can be grasped 
between the fingers and thumb. The 
anterior margin of its articular surface 
is surprisingly prominent and rugged. 

The Four Superficial Flexors are the 
Pronator Teres, Flexor Carpi Radialis, 
Palmaris Longus, and Flexor C!arpi 
Ulnaris {fig. IK)). The^' have a common 
and, therefore, a fibrous origin from the 
front of tjio medial epicondyle of the 
humerus, from the investing deep fascia, 
and from the septa between adjacent 
muscles. The Pronator Teres, being tlio 
most ]at(M*al, js able by fleshy fibers to 
creep upwards towards the shaft of the 
humerus. I1ie Flexor Carpi Ulnaris, 
being the most medial, is able to bridge 
the ulnar nerve and to /?reep along the 
medial border of the olecranon and down 
the sharp posterior border of the ulna. 
This ulnar head, being attached to a sharp 
border, is of course aponeurotic. It can- 
not creep further than J of the way down 
this border because its tendon of insertion 
has to, reach the pisiform bone; so, it 
repeats the procedure of the Flexor Digi- 
toruin Profundus, and thereby leaves the 
lower J of the medial surface of the ulna 
denuded and subcutaneous (Jig. 111). 

The four superficial muscles spread 
out fanwise in an obvious sequence, and 
the tendons of all but the Pronator Teres 
have been recognized at the wrist. In 
order tha4; the Pronator Teres may pro- 
nate, it creeps on to the lateral surface 
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of the radius, thereby iinadiiig extensor 
territory. It is inserted into the whole 
breadth of the lateral surface of the 
radius at its middle, and being fibrous it 



Poilrruirie Lbng. FI. Dig. Sublimis 

Fig. 1 16. The four superficial flexors and the 
intermediately placed muscle (Flexor Dig- 
itorum Sublimis). 

leaves a mark. It caiinot be* identified 
by palpation. 

The Arteries and Nerves of the Front 
of the Forearm. Familiar with the sur- 
face anatomy of the structures at the 
elbow, and familiar with the surface 
anatomy of the structures at the wrist, 


you cannot find it difficult to map out the 

general courses of the; 

• • • 

Ulnar artery and nerve. 

Radial artery and nerv^o. 

• Median (artery and) nerve. 



Fig. 117. The vessels and nerves of the fore- 
arm at the key positions 

You can postulate (a) that the vessels 
and nerves cross superficial to the muscles 
that carpet the radius and ulna: (b) that 
the ulnar and (superficial) radial ner\es 
together embrace thrir companion 
arteries {fig, 117)] (c) that the median 
nerve crosses the 'ulnar artery; (d) that 
the median nerve and ulnar artery pass 
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under the '‘Sublimis arch*^ which is spe- 
cially designed for their passage; and (e) 
that the ulnar nerve passes under the 
bridge between the humeral and ulnar 
heads of the FI. Carpi Ulnaris. * 

Surjacr Anatomy. Slightly curved 
lines, connecting the site where 'the 
brachial artery was observed to divide 
to the points wliere the ulnar and radial 
arteries were identified at the wrist, indi- 
cate the general directions of the two 
arteries. 

The Ulnar Artery. In its coufse, this 
artery obviously passes either superficial 
or deep to the Pronator Teres, FI. Carpi 
Kadialis, Palmaris Longus, and FI. Digi- 
torum Sublimis, in order to come under 
the shelter of the FI. Carpi Ulnaris. The 
question is which does it do. Naturally, 
ct passes deep to the fibrous arch that 
connects the radial and humero-ulnar 
heads of the FI. Digitohiin Sublimis, 
because this is the purpose of the arch; 
therefore it passes deep also to the super-* 
ficial flexors.' Behind this arc^ the me- 
dian nerve crosses the ulnar artery from 
medial to lateral side, and it crosses 
superficially, (the deep head of the 
Pronator Teres intervening).^ Behind 
the ulnar artery are the muscles clothing 
the anterior aspect of the ulnji, namely: 
the Brachialis and the FI, Digitorum 
Profundus. The Pronator Quadratus is 
not an immediate posterior relation {fig, 
113). 

Its pulse is not readily felt at the wrist 
because it is there bridged by a taut 
band of deep fascia, the volar carpal lig., 
which stretches from the FI. Cai^pi- 
Ulnaris to the trapezium {fig, 133). 
THEBRANCHESbOf the Ulnar Artery : 

1, 2. Anterior and posterior ulnar recur- 
rent aa, take part in the anastomoses 
around thf^medial epicondyle, the pos- 
terior artery following the ulnar nerve 
proj^ally {fig. 185). 


3. Common interosseous a. is a short 
stem that passes to the upper border 
of the interosseous membrane and di- 
vides there into the anterior and posterior 
interosseous aa. Their branches are: — 

Anterior interosseous artery: 

Median, companion of the median 
nerve. 

Medullary, to radius and Ulna'. 

Muscular. * 

Anterior communicating, anasto- 
rhises in front of the wrist. 

Terminal, anastomoses behind the 
wrist {fig. 1^3). 

Posterior interosseous artery: 

Recurrent, anastomoses behind the 
lateral epicondyle. 

Muscular. 

Terminal, anastomoses behind wrist. 

4. Musfiular branches. 

5, 6. Anterior and posterior ulnar car- 
pal aa. take part in the anastomoses 
^around the wrist {fig. US). 

The median artery is of historical and 
practical interest. For a brief period in 
embryonic life it is the lineal successor to 
the anterior interosseous artery and, as 
the chief artery of the fqrearm and hand, 
it accompanies the median nerve through 
the carpal tunnel into the palm where 
it supplies certain digits until it disap- 
pears. Occasionally it persists. 

The Radial ^ery. If in a dissected 
limb the muscular branches of the radial 
artery are severed, the# vessel can be 
lifted right up from its bed, because like 
its parent, the brachial artery, it is not 
crossed by any muscle. To impress this 
fact, lift up the brachial .and radial 
arteries, noting, (a) that if the bicipital 
aponeurosis is cut, no muscle is found to 
cross or bind down either artery; and 
(b) that the median nerve is the only 
important structure to cross superficial 
to eithei* vessel. Why then can the 
radial pulse not be felt throughout the 
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entire course of the artery? Because 
the Brachio-radialis overlaps it. 

The radial artery lies l^etween the ex- 
tensor and flexor groups of muscles. The 
Brachio-radialis is lateral and overlaps 
it; the Pronator Teres is medial in its 
upper one-third; the Flexor Carpi 
Radialis is medial in its lower two-thirds. 
Immediately behind it are the muscles 
that^ clothe the anterior aspect of the 
radius {fig, 113)y namely, the Biceps, 
Supinator, Pronator Teres, racial head 
of the FI. Sublimis, FI. Pollicis Longus, 
Pronator Quadratus. and beyond these 
the lower end of the radius and the cap- 
sule of the wrist joint. They occur in 
the sequence just given. 

The artei-y gains tlu^ hack of the wrist 
by passing below the styloid process and 
deep to tlu' AV)diietor Pollicis ^Longus. 

The (superficial) radial nerve accom- 
pUnies the artery in the middle tliird of 
tlie forearm. , 

The Branches given off by the radial 
artery in the forearm are: 

1. Muscular, 

2. Recurrent^ anastomoses in front of 
lateral epicondyte and follows the radial 
nerve proximally. 

3. -Anterior carpal (p. 158). 

4. Superficial palmary arises at the 
wrist and enters the thenar muscles. It 
commonly, completes the s^ palmar arch. 
When large its pulsations can be felt. 

The Ulnar Nerve takes a straight 
course from the back of, the medial epi- 
condyle to the lateral side of the pisi- 
form. It lies throughout on the FI, Digi- 
torum Profundus. The FI. Carpi Ulnaris 
covers it proximally and overlaps it 
distally. Its artery approaches it, ob- 
viously from the lateral side, and is in 
contact with it in the lower two-thirds 
of its course. 

Brawhes {fig, 158), At the elbow the 
ulnar nerve Supplies IJ muscles^ namely: 


the FI. Carpi Ulnaris and the medial 
half of the Fl.^ pigito/um Profundus — 
These are the only ihtiscles it supplies 
above the level of the wrist — and it 
Sends twigs to the elbow joint. Some- 
• what, above the wrist its palmar and 
dorfclal cutaneous branches arise {fig. 92). 

If you sever the humeral origin of the 
FI. Carpi UPharis, you can bring the 
ulnar nerve to the fi*ont of the elbow ; and 
if you then flex the elbow joint, you 
shorten the course of the nerve by 
several Inches. 

The (Superficial) Radial Nerve, or por- 
tion of the radial nerve distal to the origin 
of the posterior interosseous nerve, is the 
last cutaneous branch of the radial nerve. 
To expose it, turn the Brachio-radialis 
laterally. 

After crossing the capsule of the el-» 
bow joint, the nerve descends along the 
anterior border of the Ex. Carpi Radialis 
TiOngus and crosses the muscles that 
clothe the radius (viz., Supinator, Prona- 
tor Tere^ FI. Digitorum Shblimis, and 
FI. Pollicis Longus). It then passes 
backwards between the Brachio-radialis 
and Ex. C^arpi Radialis Longus and be- 
comes cutaneous about 2" above the 
styloid process of the radius. The radial 
artery approaches the nerve from the 
medial side and accompanies it through 
the middle third of the forearm. 

The Median Nerve. You have pal- 
pated it medial to the brachial artery 
at the elbow and you have located it 
where the Palmaris overlaps it at the 
midpoint of the wrist. It takes a straight 
course between these two points. It 
passes with the ulnar artery deep to the 
‘^Sublimis bridge'^ and therefore deep to 
four muscles (i.e., Pronator Teres, FI. 
Carpi Radialis, FI. Digitorum Sublimis, 
and Palmaris Longus). It happens to 
cross ^ superficial to the ulnar artery, 
(the slender deep head of the Pronator 
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Teres intervening). Behind it are the 
muscles clothing the front of the ulna, 
namely, the Brachialis and FI. Digitorum 
Profundus. 

Braurhrs (Jig. 158). The median nert e 
supplies all tlic flexor muscles pf the 
forearm, except the 1} supplied by the 
ulnar nerve. The branches to four of 
tliese, namely, the Pronater Teres, Flexor 
Carpi* Radialis, Palrnaris I.ongus, and FI. 
Digitorum Sublimis, spiing from the 
main stem, obviously from its medial 
side, ddiey commonly arise idiove the 
level of tho'^elbow. 

Its obligations to the 22 deep miLscles 
being discharged l)y its interosseous 
branch, the median nerve is free to ad- 
here to the deep surface of the FI. Digi- 
torum Sublimis and to give it branclu's in 
its course through tlie forearm. 

The median nerve is accompanied by 
the median artery, which, though usually 
mere twig, may be a large vessel. 

THE HAND 

The Bones and Joints of the Hand. 

There is little imrpose in studying the 
bones of the hand indhidiially before 
you are familiar with thcin collecti\ ely , 
so, we .shall consider first t he Iian<l as a 
whole, and later attend to the notable 
features of the individual bones. And, 
because considerable areas of the di|ferciit 
bones take parts in joints, we should find 
it diflicult and unnecessary to avoid dis- 
cussing the joints and, ligaments with the 
bones. 

When reading the following remarks 
have beside you the bones of the hand, 
preferably strung on catgut. Do not 
omit also to make the suggested observa- 
tions gn your own hand. 

The following comprise the skeleton of 
the'han^ 

a. The carpal 'bones, or bones of the 
wrist. 


b. The metacarpal bones, or bones 
of the hand proper. 

c. The phalanges, or bones of the 
digits. 

The digits are numbered I, II, III, 
IV, V. The first digit is the thumb or 
pollcx; the second, the forefinger or index; 
the third, the middle finger or digitus 
medius; the fourth, the ring fihger or 
digitus annularis; and the fifth is the 
little finger, or digitus quintus, or digitus 
minimus. 

The Carpal Bones arc short or cubical 
bone.s (p. 0). The only ollic]’ cubical 
bones in llic body are tlu‘ (arsal bones. 
The metacan)als and phalanges are long 
or cyjindrical bones. J^>eing (uibical, the 
carpal bones have typically six surfaces. 
Of these, two surfaces, the anterior and 
posterior^, are rough for the attachment 
of ligaments, while four surfaces articu- 
late with adjacent bones and are, there- 
fore, covered with cartilage. Obviously, 
the lateral surfaces of the lateral bones 
and the medial surfaces of the medial 
hones, otherwise known as the marginal 
surface.^, are not articular, but are rough 
for ligamenis. 

Oubical or short bones resemble the 
pressure epiphyses of long leones; (a) in 
.structure — botli being composed of ean- 
cellou.'^ tissue, ^^hich is completely en- 
eased \\ithm a shell of compact bone, 
which in turn is covered in part wdth hy- 
aline cartilage, (b) in retaining red 
marrow for some years after it has dis- 
appeared from the bodies of long bones, 
and (c) in not starting to o.ssify until 
shortly before birth or within a few 
years after it. 

The carpal bones, eight in is^umber, are 
arranged in a proximal and a distal row, 
each of four bones. Their names ex- 
press their general appearance. From 
radial to ulnar side they are: 
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Proximal row — scaphoid, lunate, tri- 
quetrum, and pisiform. 

Distal row — trapezium,, trapezoid, cap- 
itate, and hamate. 

(B.N.A. scaphoid = navicular; trape- 
zium = greater multangular; trapezoid 
= lesser multangular.) 

It may be helpful first to picture these' 
as eight uniform cubes arranged as in 
figuf^ 118, and then to modify this 
diagram as investigation of your own 
hand and of the skeleton process. 

The Proximal Surface of the Car- 
pus. The general disposition of the 
bones is shown better in figure 1 1 0 in 
which three essential alterations have 
been made: (a) the pisiform hds been 
placed in front of the triquetrum, leaving 
three bones only of the proximal row in 
articulation with tlie radius ayd the ar- 
ticular disc, (b) The seajdioid has been 
^^idened to support (wo of the dist^al 
bones, trapezium and trapezoid, leaving^ 
on<' each for the lunate and (riquetrum. 
(e) The upper surface of the proximal 
row is shown not as a i)larie gliding stir- 
face, but as an o\'oid surface, convex both 
from side to sid^ and from before back- 
wards. The sui)erior and laUnal sur- 
faces of the scaphoid, therefore*, merge 
into one rounded surface; and the supe- 
rior and medial surfa(;es of the triquetrum 
merge similarly into one rounded surface. 
It is in consequence of this, observe, that 
you can abduct and adduct your wrist 
joint, and also flex and extend it. ' 

The Distal Surface of the Carpus 
AND THE Proximal Surfaces of the 
Bases of the Metacarpals. Neither 
is this a plane gliding .surface, such as 
would allow the metacarpals to shift 
from side'^ side, and backwards and for- 
wards. |t is very irregular {Jig. 120). and 
the irregularities are now to,be accounted 
for. The metacarpal bones of* the five 
digits (thutnb and four fingers) have 


only four carpal bones with which to 
articulate. The articulated hand reveals 
that the bases of the 4th and 5th meta- 
carpals articulate with the hamate. [In 




Fig. 119. The carpal cubes modified. 



•Fio. 120. The carpal bones ainl (he bases of 
the metacarpal bones. 

the turtle the hamate like its homologue 
in the foot, the cuboid, is represented by 
two bones.] Grasp in turn the knuckles 
or heads of the metacarpals of youl* own 
fingers, noting that the 5th metacarpal 
can be moved freely backwards and 
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forwards, that the 4th metacarpal can 
be moved to a lesser degree, and that 
the 3rd and 2nd metacarpals are im- 
mobile. Again, view the back of your 
knuckles as you tightly close your fist 
and you will see illustrated the sj^rne 
fact: that the 5th and 4th metacarjmls 
flex at their carpo-metacarpal joints 
while the 3rd and 2nd remain rigid and 
immobile. An examination of the carpus 
gives the reason: the 5th and 4th carpo- 
metacarpal joints are clearly hinge joints, 
the hamate presenting two concavities 
for the convex-bases of the 5th and 4th 
metacarpals. [In the foot the correspond- 
ing articular surfaces of the cuboid for 
tlie 5th and 4th metatarsals arc similarly 
fashioned.! The capitate has an expan- 
sive plane surfac e for the base of the 3rd 
metacarpal. m'JIio trapezoid (lesser mul- 
tangular) does not project so far distally 
as the carpals on each side’ of it; and in 
consequence, the base of tlic 2nd meta- 
carpal is morticed between the oapitati‘ 
and trapeziutn (greater multangular), 
and in part articulates with them. The 
trapezoid, moreover, possesses an antero- 
posteriorly placed ridge which fits like a 
wedge into the guttered base of«the 2nd 
metacarpal. Although the metacarpal 
of the thumb or pollex can be fl('xed and 
extended, abducted and adducted, and 
rotated, it does not possess the spherical 
base you naturally look for, but a saddle- 
shaped surface which fits on to the distal 
surface of the trapezium, which is recip- 
rocally saddle-shaped. To allow of these 
free movements the capsule around the 
carpo-metacarpal joint of the thunfl) 
must necessarily be slack. 

The distal surface of the carpal mass 
is, therefore, not a plane surface, but 
an irregular one. With such is associated 
limitation c^j^movement. The morticing 
of* the metacarpal of th^ index effectively 
prevents side to side shifting of the meta- 


carpals and contributes largely to the 
stability of the carpo-metacarpal joints. 

It is instructive to note that the 
2nd metacarpal articulates with three 
carpals, and that the stalwart capitate 
‘ articulates with three metacarpals {jig. 
12i). The three facets on the base of the 
capitate are: a broad surface for the 3rd 
metacarpal, a long narrow strip placed 
laterally for the 2nd, and a small facet 
placed postcro-medially for the 4th. 

Dorsal and Palmar Aspects of 
THE Carpus. Observe that the dorsum 
of your wrist is transversely arched or 
convex, and that the dorsum of an 



Fig 1‘JI. The capitate articulates with three 
metacarpals: The 2nd metacarpal articulates 
wiLli three carpals. 

articulated carpus likewi.^e is transversely 
arched or convex. Its palmar surface is 
hollow or concave. The arched condition 
is maintained by a tie-beam, the jlexor 
retinaculum (transverse carpal ligament), 
which unites the marginal bones of the 
carpus. Its proximal part extends be- 
tween two rounded prominences, namely, 
the pisiform and the tubercle of the 
scaphoid {figs. 131 ^ 132). Its distal part 
stretches between two crests, namely, 
the hook of the hamate and* the ridge 
of the trapezium These crests, being 
the ossified ends of the distal half of the 
tie-beam, are directed towards each other. 
The ridge of the trapezium is also the 
lateral lip of a.groove in which the tendon 
of the Flexor Carpi Radialis runs pn its 
way to the base of the second l[and third) 
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metacarpal, where it is inserted. The 
groove is, therefore, placed vertically; 
and at its upper end is the prominent 
tubercle of the scaphoid which acts as a 
pulley over which the tendon plays. 

Like the stones in an arch of masonry 
the carpal bones are broad on their cony ex 
or dorsal aspects, and narrower on thei^ 
concave or palmar aspects, with the single 
exception of the lunate which is more 
expansive ventrally than dorsally. 
When the lunate becomes dislocated or 
dislodged, the displacement tends to be 
forwards. The trapezoid makes. a very 
slight appearance on the front of the 
carpus. 

Palpable Parts. 'Dio lowest transverse 
skin crease at tlie front, of the wrist has 
been seen to cross iho pisiform and the 
tubercle of the scaphoid. 'Die Flexor 
Carpi Ulnaris has l)oon traci^d to the 
pisiform, and the Flexor Carpi Radialis 
to the tubercle of the scaphoid. The 
hook of the hamate can be palpated as a* 
resistant structure inforo-Iateral to the 
pisiform, the interval between them be- 
ing sufficient to allow of the passage of 
the ulnar artery and nerve (Jig. 131). 
Immediately bdow the tubercle of the 
scaphoid li(^ the groove and ridge of 
the trapezium. The ridge can be identi- 
fied by its resistant feel. The scaphoid 
and the trapezium can also be palpated 
in the '^anatomical Hnu{J box^\ that is, 
the hollow at the lateral side of the wrist 
between the styloid process of the ra- 
dius proximally and the base of the meta- 
carpal of the pollex distally. Here the 
radial artery crosses them, and its pulse 
can be felt’ on employing light pressure. 

Joint Surfaces. When you close your 
fist or grasp an object, your wrist auto- 
matically becomes extended, that is, dorsi- 
flexed. Dorsi-flexion at the radio-carpal 
joint is more free than palmar flexion, 
therefore the articular cartilage^ covering 


the upper surfaces of the scaphoid, lunate, 
and triquetral bones extends far dorsally. 

The Midcarpal -tor Transverse 
Carpal Joint lies between the proximal 
and distal rows of carpal bones (fig. 
120). Here the trapezium and trapezoid 
together form a small lateral unit which 
pre*sents a concave, oval surface for 
articulation with the convex, oval in- 
ferior surface of the scaphoid. The capi- 
tate and hamate together form* a large 
medial unity whose combined upper sur- 
faces form a sphere or ball which 
Articulates with the concave socket 
formed by the scaphoid*, lunate, and 
triquetrum. The transverse or midcar- 
pal joint therefore is sinuous. At it the 
greater part of the flexion, which appear^ 
to take place at the radio-carpal joint, in 
reality takes place. * 

When you touch the back* of your right 
shoulder wit|;j the tips of your right 
digits, you may be said to wind up your 
limb, by flexing the following joints: 
shoulder, elbow, radio-carpal, midcarpal, 
1st, 4th, and 5th carpo-metacarpal (the 
2nd and 3rd are immobile), metacarpo- 
phalangeal, and interphalangeal. One 
bony surface of each of these joints is 
necessarily concave; the other is convex. 

Striking a Blow. You may crystallize 
your knowledge of the carpals by con- 
sidering the mechanism involved in strik- 
ing *a blow. When you strike a blow 
with your fist, you instinctively employ 
the knuckles of .the 2nd and 3rd meta- 
carpals in preference to those of the 4th 
and 5th. Why is this? Because, (a) 
The 2nd and 3rd metacarpals are long, 
stout, and strong; whereas the 4th and 
5th are shorter and more slender, (b) 
The bases of the 2nd and 3rd are in- 
dividually equal in surface area to the 
combined bases of the 4th and 5th. 
(c) The 2nd and 3rd are rigid and im- 
mobile; whereas the 4th and 5th are not. 
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(d) The line of force travelling along the 
2nd and 3rd metacarpals is transmitted 
directly to the radius via the trapezoid 
and scaphoid, and via the capitate and 
lunate {fig. 122,123 ) ; whereas that travel 
ling along the 4th and 5th is transmitted 
v-ia the apex of the hamate to a Itnear 
facet on the lunate and so to the radius. 
Further, (e) The upper articular facet of 
the triquetrum, such iis it is (fg. 131 )y is 



Fig. V22. When striking a blow uHeUio2nd 
and 3rd knuckles. Observe that the ligaments 
take the directions of useful nestj 

applied to the medial (ulnar collateral) 
ligament of the wrist, except during ad- 
duction of the wrist when it moves into 
contact with the articular disc of the 
radio-carpal joint; so, the triquetrum and 
pisiform are not force transmitters. 

Ligaments. On striking with tlie 4th 
and 5th knuckles, the direction taken Vjy 
tlie strong inteross(H)US ligaments uyit- 
ing the 4th to the 3rd metacarpal, and 
the hamate to the capitate, is such as 
to relieve the linear facet on the lunate 
of the brunt of the impact. And the 
small facet on the capitate for the 4th 
metacarpair takes sorpe of the impact 
directly. 


Intercarpal Ligaments. The various 
carpal bones are bound to each other by 
dorsal and palmar bands which largely 
radiate from the capitate. The bones 
of the proximal row are further united 
to each other by interosseous bands which 
shut off the radio-carpal joint from the 
.intercarpal joints. The bones of the dis- 
tal row are united to each other by in- 
complete interosseous ligaments, of \Yhich 
the one between the hamate and capi- 
tate is ?^cry strong. No interosseous 
bands exist to hamper the movements 
between proximal and distal rows, where 
flexion is so surprisingly free. Between 
the individual bones of each row a slight 
amount of gliding can take place; that is 
to say, tJic joints are plane (arthrodial). 

Muscles. No muscle is inserted into 
any carpal bone. All muscles that cross 
the radio^carpal joint also cross the mid- 
carpal aiifl carpo-metacarpal joints, that 
is to say, they span the carpus, gain 
‘insertion to Ihe metacarpals and pha- 
lango.s, and control the joints they cross. 
'Phree short muscles of the thumb and 
tlirce of the little finger, however, arise 
from the flexor retinaculum (transverse 
carpal ligament) and frOrn the four mar- 
ginal bones it unites. 

When saying no muscle is inserted into 
any carpal bone, one is regarding the 
pisiform as a sesamoid hone developed in 
the tendon of the FI. Carpi Ulnaris and 
as being to the FI. Carpi Ulnaris what the 
patcllji is to the Quadriceps Femoris. 
The pisometacarpal ligament, which 
passes from pisiform to the base of the 
fifth metacarpal would represent the lig. 
patellae {fig. 133 and page *lJff). 

The Metacarpal Bones are long bones, 
each having a body and two ends. 

The Proximal Ends or Bases of the 
Metacarpals have articular facets which 
are counttupUrts of the distal surfaces of 
the carpals {fig. 120). They have been 
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described. You will remember that the process on its radial side posteriorly to 
second metacarpal articulates with three which nothing is attached; the base of 
carpals — the trapezium, trapezoid, and the 5th metacdrpal hds a tubercle on its 
capitate; and that the capitate articu- medial side for the insertion of the Ex- 
lates with three metacarpals — the 2nd, * tensor Carpi Ulnaris. 



Fig. 123. Tracing of X-ray of hand in which shot was placed on the skin creases to show their 
relations to the joints (see^g. 115). 

3rd, and 4th. The 1st, 3rd, and 5th ^The Bodies of the Metacarpal 
metacarpaFs articulate with one carpal Bones op the Four Fingers are triangu- 
each, the 4th with two, ’and the 2nd with lar on cross-section {fig. 124). Each has a 
three. Further, the apposed surfaces of rounded, anterior border which separates 
the bases of the 2nd, 3rd, 4th, and 5th an antero-lateral from an antero-medial 
metacarpals articulate with each other surface. As the antero-lateral and 
and, therefore, carry articular facets. The antero-medial surfaces approach the base 
base of the^3rd metacarpal has’a styloid of the bone they wind dorsally. In con- 
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sequence of this encroachment, the dorsal 
surface is rendered triangular and its 
apex tapers proxiTnally iVito a line. Its 
surface is flat. The 3rd anterior border 
is monopolized by the Adductor Pollici.s 
Transversus; the 2nd, 4th, and 5th by 
the l]jre(' i’aJinar Intcrossci (./?r/. 

I'Ik* opposed antero-mcdial and antcro- 
lat(‘ral surfaces of the fiv^ bodies give 
origiu Ip the (wo heads of the four Dorsal 
Jii((‘ross('i, The unoppos(Hl surfaces (i.e., 
lateral of metacarpal I and medial of 
metaeaipal \') afford insertion, to lli<» 
respective Opponens muscles. 


knuckles, i.e., the lieads of the meta- 
(;arpals of the fingers, are uncovered when 
the fingers are flexed, and that these un- 
covered heads are spheroidal. The bases 
of tlie proximal phalanges fit the meta- 
carpal heads and, therefore, arc concave 
cup-shaped. 

• The metacarpo-phalangeal articula- 
tions of the four fingere can be flexed and 
extended; and, when the hand is 9 pen, 
they can also be abducted and adducted ; 
that is to say, they can perform the four 
component movements of circumduction. 
I'hey, • therefon?, are condyloid joints 
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Fig. 124. A metacarpal hone. 




Fn.. 125 Ateta»*;irpal of thumb, showing 
muscle attachments, ])almar aspect. 


The Metacarpal of the Thumb is short , 
stout, imd flattened from bcfojc buck 
wards. It is rounded posteriorly, like 
a phalanx ; ventrally it is divided, like any 
other metacarpal, into antero-latcral and 
antero-medial surface.^ Of these’ the 
antero-lateral, for the fleshy in.sertion of 
the Opponens, is greater than the antero- 
medial, which gives origin to the lateral 
head of the first Dorsal Interosseous. 
By this you can tell to which side a first 
metacarpal belongs (Jiff. 125). The base 
is saddle-shaped.- The head is com- 
pressed palmo-dorsally ; and, in front, a 
non-articular notch separates the facets 
on which tte two sesamoid bones play. 

The MiRacaipo-Phalangeal Joints. 
Observe on your own hand that your 


(Kondulos. (ik. ~ a 'knuckle). If it 
wore not for th(‘ presence of ligaments, 
axial rotation also would be permitted 
and thesci joints would then bo ball and 
socket joints. 

When the joints an* flexed, ncitJier ab- 
duction nor adduction is possible; and, 
the reason for ihis is t\vo-fold: (1) be- 
cause* the heads of the inetacarpals, 
though rounded at their ends, arc flat- 
tened in front; (2) because the collateral 
ligaments, though slack on extension, 
aio taut on flexion, due to their eccen- 
tric attachments to the sides of the heads 
of the metacarpals. Look, therefore, 
near the posterior part of the side of 
the head of a metacarpal for an ec- 
centrically placed tubercle apd for a pit 



THU UPPER LIMB 


143 


in front of it to which the collateral 
ligament is attached {jig. 126), 

To allow of flexion and extension the 
anterior and posterior parts of the capsule 
must necessarily be lax. Posteriorly 
there are no ligaments to these joints: 
the extensor (dorsal) expansions of Che 
extensor muscles effectively serve the* 
part. After all, when the hand is closed, 
it is^grasping some object or, if not, the 
fingers close on the palm ; but in neither 
case is strain put iiiion the batk of the 
capsule. Anteriorly, the capsule is re- 
placed by a fibro-cartilaginous plate, the 
palmar ligament or plate (volar accessory 
lig.). This plate is firmly united to the 
front edge of Ihe phalanx, and 'loosely 
attached to th(' metacar])al l)y areolar 
tissue. In ronseciuence, if a finger is 
wrenched off the liaiid, the platc-Iike 
palmar ligament will part from Ihe meta- 
carpal and remain attached to the pha- 
lanx. Fibers of the collateral ligaments 
radiate to the sides of tliis plate and keep * 
it firmly applied to the front of the head 
of its metacarpal, visor-fashion. 

Why is there a fibro-cartilaginous plate 
here? In obedience to the law that 
fibrous tissue, where subjected to friction 
or pressure, acquires a hyaline matrix, 
which appears to be protective in func- 
tion. The plate in (piestion lies between 
the front of the head of a metacarpal 
and the flexor tendons; and, though 
known as the palmar ligament, it is not a 
bond of union between the two ‘bones 
that it connects, but *is part of the 
socket of the joint. 

The sidei^ of the palmar ligaments of 
the fingers are united to each- other by 
three ligamentous bands, the deep trans- 
verse ligaments of the palm, which help 
to prevent the metacarpals from spread- 
ing. They leave the thumb free {fig. 
163.) In front of the transverse lig- 
aments pass the digital vessels and 


nerves and the Lumbricales; behind them 
pass the Interossei. Slips from the four 
digital bands of the palmar aponeurosis 
are attached to the transverse ligaments 
in front; slips from the extensor ex- 
, pansions are attached to them behind. 

T^e Interphalangeal Joints are con- 
structed on the same plan as the meta- 
carpo-phalangeal joints of the fingers. 
Each possesses collateral liganaents, a 
palmar fibro-cartilage, and a looser dorsal 
capsule guarded by an extensor expan- 
sion. Their movements, howev'’er, are 

I 



Fig. 12G. Metacarpophalangeal and inter- 
phalangeal* joints. 

restricted to flexion and extension in 
consequeuee of the antero-postcrior flat- 
tening of the ends of tlic bones. Pat- 
ently, they arc ginglymus or hinge joints. 

The Melacarpo- phalangeal Joint of 
the Thumb is compressed palmo-dorsally, 
not unlike an interphalangeal joint ; but 
the head of the metacarpal is rounded 
anti the base of the phalanx is concave. 
The movements allowed are : flexion and 
extension, some rocking from side to 
side, and some rotation. 

The Phalanges also are long bones, 
two for the thumb and three for* each 
of the other digits. They are known 
as: — the proximal or 1st; the middle or 
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2iid; and the diwlal, ungua], terminal, 
or 3rd {jig. vn). ^ 

The di.stal ends* oi‘ Uio" terminal pJui- 
laiif^os are lu^itfirr wc^igJt 1-1 Hairing nor 
forco-tja]]smjt(jijf>. In lliis the}" resom-* 
hie l}i(‘ last two rihs, and like them they 
are taperi/j^. ( )ih» sin-l‘aee is smooth; 
th(' othe/' is TIk' finger nail over- 

lies the smonth sinfaci*; lluy aiea for tlie 



Fio. 127. Phalanges (palmar aspect) showjng 
epiphyseal lines and attachments of fibrous 
sheath and flexor tendons. 

finger-pad is roiigli owlwg to tho attach- 
ment of fibrous hands that hind the skin 
to it. 

The dorsal aspects of the pioxinial and 
middle phalanges are smooth, rounded 
and covered by the extensor expansioa. 
The palmar surfaces take pait in the 
floor of the osseo-fihrous tunnels (Jig. 
137) in which the flexor tendons glide. 
They are smooth and fiat. The borders 
of the i)ro.^|fial and middle phalanges 
possess sharp crests for^tJie attachment of 
the transverse, or rather arched, fibers 


of the fibrous flexor sheath. Tliose of 
tlie mirJdlc phalanx are especially well 
marked because to them are also at- 
taijhed the slips of insertion of the FI. 
Digitorum Sublimis. 

, When your hand is closed, the heads 
of ‘che middle and proximal phalanges 
are uncovered. They have two little 
condyles, and therein resemble the lower 
end of the femur. The bases of '»the 
terminal and middle phalanges have two 
little depi*essions, and resemble the up- 
per end of the tibia. The bases of the 
proximal phalanges articulate with the 
rounded knuckles and are concave. 



Fig. 12S. Spiral sequence of ossification of 
'vurpals; ages in years. 

Ossification of the Bones of the Hand. 

I'he bodies of the metacarpals and phal- 
anges start to os.sify during the 3rd 
foetal month. The carpal bones, unlike 
tljc tarsal boiies, have ’not started to 
o.s.sify at (he time of birth, though, in the 
female, centers may lan e appeared in the 
capitate and hamate. The carj)aLs pro- 
ceed to ossify in orderly spiral sequence, 
approximately in the following years: 
caj)itate and hamate 1st, triquetrum 3rd, 
lunate‘4th, scaphoid 5th, trapezoid and 
trapezium 6th — and the pisiform 12th 

Epiphyses. The long bones have each 
one epiphysis; in the metacarpals these 
occur at the heads; in the phalanges at 
the bases — the metacarpal of the thumb 
is the exception, for it resembles a pha- 
lanx in that its epiphysis is at its base. 

The centres of ossification appear in the 
2nd~3rd yeais and fuse in the 17th-19th 
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year. Epiphytes have been found at 
both ends of the 1st and 2nd metacarpate 
(Pryor). 


The Palm of the Hand 

The upper limb is used as a grasping 
or prehensile organ. The grasping is. 
done with the hand, the rest of the limb 
being an adjustable support for the hand. 
In adaptation, tlu^ skin of the grasping or 
palmar surface of the hand is very thick, 
and it rests on a prot(M*iivo pliable layer 
of fat. It is anchoi’ed to the underlying 
tissues by fibrous bands, which j)revent 
it from being drawji off as a loose glove 
might be. The librous bands ju’O most 
dense at the pads of the fingers where 
tliey extent to tlie })one, along the sides 
of the fingers, and in front of the palmar 
aponeurosis. The fal , acc.ordiifgly, tends 
to be imprisoned in loculi, as in tlie 
breast. So that the grip shall not slip, 
the skin is corrugated, it is ridged and* 
furrowed, and f.h(ire is a convenient ab- 
sence of greasy, sebaceous glands. On 
the summits of tJic ridges the mouths of 
numerous sweat glands open. The dis- 
position of the*ridges in arches, loops, 
and whorls differs in detail from person to 
person ; so does the spacing, the shape, 
and the size of the mouths of the sweat 
glands. The impressions left by the 
ridges and gland mciuths are known as 
finger prints {figs. 129, 130). 

Permanent skin creases occur in the 
hand. On the digits ’they are trans- 
verse; in the palm they have the form 
of the letter M; the lowest of the three 
at the wrist is bowed. At the creases 
there is an absence of fat and the skin is 
bound to the underlying fibrous tissue. 
Movements of flexion and of opposition, 
as you can readily determine, are respon- • 
sible for the creases. The relation of the 
creases to the joints is shown in figures 


123 and 115. The midpoint of the wrist 
crijase crosses the center of the lunate 
bone. • • 

The folds of skin, called the webs of the 
finders, are palmar structures and are 
^ not present on the dorsum. 



Fig. 129. Types of finger prints. (Aften. 
Wilder.) 



Fio. 130. Frictiop ridges and orifices of ducts 
of sweat glands on the fingers. (After Wilder.) 


The most projecting digit is the middle 
fiijger; next in order come the ring finger, 
index, little finger, and thumb, so the 
digital formula reads, 3>4>2>5>1 
(Wood Jones). This is the primitive 
arrangement. It is common to apes and 
man including the N. American Indian. 
In 19 per cent of white people the index 
and ring project equally (3>i4 = 2> 5>1) 
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and in 33 per cent the index exceeds the 
ring finger (3>2>4>5>1). Among 
white females tli^ percentages are higher 
than among the males (George), A long 
index is characteristic of white races. « 

The Movements of the Digits. Note 
that the thumb is set at right angles to 
the other digits; that, whereas the nails 
of the fingers of the open Ijand face back- 
wards, the nail of the thumb faces 
laterally; and that, on opening and clos- 
ing the hand the fingers and thurub move 
on planes at right angles to eaph other. 
These are movements of flexion and ex- 
tension. 

A line drawn through the middle finger 
is regarded as the axial line of the hand. 
Movement of a finger away from this 
axial line is called abduction ; movement 
towards it, adduction; and the move- 
ments take place at the metacarpo- 
phalangeal joints. The thumb also can 
be abducted and adducted; the move- 
ments take place, however, not at its ' 
metacarpo-phalaiigeal joint, but at its 
carpo-metacarpal joint ; \hc movenumt 
forwards buiteriorly) })eing abduction, 
and backwards (posteriorly) adduction; 
that is to say, in th(* aiiU^ropostoiior 
(sagittal) plane you flex and extend your 
fingers, abduct and adduct your thumb, 
wliereas in the sid(» to side fruronal) 
plane you abduct and adduct your fingers 
flex and extend your thumli. 

Thus far the thumb appears in nowise 
superior tp a finger. Consider however 
its carpo-metacarpal aj-ticulation where, 
in addition to the movements of flexion — 
extension, and abduction — adduction,, the 
further movements of medial and lateral 
rotation are permitted. .It is to these 
latter movements of rotation that the 
thumb owes its peculiar value, a value 
that .exalts Jt above many fingers. The 
rnetacarpai^of the t|,uimb sits on the 
traperium as though astride a saddle, 


enjoying all the movements of a ball 
and socket joint. Here, then, we are 
dealing with a raultiaxial joint of the 
saddle variety (p. 17). 

The capsule of the joint is necessarily 
slack. Now, there are in this loose cap- 
sule two ligamentous bands, called the 
anterior and posterior oblique carpo-meta- 
carpal ligaments. These arise from the 
respective surfaces of the trapezium and 
converge to be inserted near each other 
on the uJnar side of the base of the meta- 
carpal. During the act of flexion, the 
posterior ligament becomes taut and 
forces the metacarpal into medial rota- 
tion ; similarly, during the a(‘t of ex- 
lensioE, the anterior ligament forces 
the metacarpal into lateral rotation. 
(Haines.) 

The Flexor Retinaculum (tuansveiise 
carpal Ligament). The dorsum of your 
wrist, like the dorsum of your foot, 
is transversely arched or convex. This 
arched condition of the wrist or carpus is 
maintained by a tie-beam, the flexor 
retinaculum (fig. ISt). The retinaculum 
forms with the carpal bones an osseo- 
fibrous tunnel, the carpal tunnel. You 
can pass a finger through it but not a 
thumb. 

The proximal part of the retinaculum 
stretches feebly between two rounded 
prominences, the tubercle of the scaphoid 
and the pisiform; the distal part stretches 
between two crests, the ridge of the 
trapezium and the hook of the hamate 
{fig. 132). The' crests may be regarded 
as the ossified ends of the retinaculum. 
The distal band is alw\ays taut; but. the 
proximal band, being attached to the 
movable pisiform, depends on the FI. 
Carpi Ulnaris to steady it. Figure 133 
is a true picture of the retinaculum. It 
depicts the scaphoid as affording the 
retinaculum but little attachment; the 
Flexor Carpi Ulnaris as extending its 
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Fia. 131. Proximal and distal ro\i% of carpal 
bones viewed from above (i.o., distal surfaces 
of the radio-carpal and mid-carpal joints). 
The flexor retinaculum and the structures 
traversing the osseo-fibrous carpal tunnel. 




grasp to the trapezium; the upper border 
of the retinaculum as blending with the 
fascia of the forearm; and the lower 
border is concave owiiig to the attach- 
iticnts it gives to the short muscles of 
•digits I and V. 

By palpating the tendons of your own 
wrist, you can decide that the Flexor 
Carpi Ulnaris,»as well as the other flexors 
and extensors of the wrist, is called into 
play to steady the wrist when the hand 
grasps an object or makes a fist. Such 
auxiliary muscular action is known as 
^nergic action. The tendon of the Flexor 
Carpi Ulnaris is relayed beyond the pisi- 
form to the base of metacarpal V and to 
the hf)ok of the hamate by the piso- 
metacarpal and piso-haniatc ligaments. 

The flexor retinaculum not only acts as 

(a) a tie beam; but also plays the part of, 

(b) a restraining band that prevents the 
long flexors of the digits from “bowstring- 
ing’’ when the wrist is flexed; and (c) 
it affords chief origin to the muscles of 
the thenar and hypothenar eminences. 

The Three Thenar Muscles (muscles 

OF THE HALL OF THE tHUMu) arisC to- 
gctlicr from the flexor retinaculum and 
its two lateral bony pillars (tubercle of 
scaphoid and ridge of trapezium). The 
most superficial of them, the Abductor 
PoUicis Brevis j is inserted into the lateral 
side ,of the base of the proximal phalanx 
of the thumb (fig. 12o). It is self-evident 
from its position and attachments that 
it draws the thumb forwards (i.e., ab- 
ducts it) ; and the movement takes place 
at the saddle-shaped carpo-metacarpal 
joint. 

Reflexion of the Abductor uncovers 
a fleshy sheet (jig. IS/t) that extends 
obliquely infcro-laterally to be inserted 
into the whole length of the antero- 
lateral surface of the metacarpal of th(i 
thumb and adjacent part of the base of 
its proximal phalanx. This sheet re- 
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Fig. 133 The flexor retinaculum 



sc'mbJcs the Pronator Teres of the ra- 
dius ill direction and in action. On this 
account it might appropriately be called 
the Pronator Pollicis'\ It pronates or 
medially rotates the thumb at its carpo- 
metacarpal joint, and flexes it at its 
mdtacarpo-phalangcal joint. The por- 
tion inserted into the metacarpal 
is named the Opponens PolUcis;' the 
portion into the phalanx, the Flexor 
PoUicis Brevis {Jig. 125). To find the 
line of clekvage between them, you should 
expose the metacarpo-phalangeal joint 
and then, by working proximally, effect 
a separation of muscle fibers. Because 
there is little, if any, areolar tissue be- 
tween tflie two portions, it is difficult to 
think that they do other than act and 
beliave as one — opposition is always ac- 
companied usefully by flexion. 

The Nerve to the Three Muscles of 
the Thenar Eminence is easily found. 
A branch of the median, it takes a recur- 
rent course around the lower border of 
the retinaculum. It is to be found lying 
\\" vertically below the point where the 
skin crease, corresponding to the upper 
bonier of the rctinacu|,um, crosses the 
tulwrclo of tlic scaphoid {jigs. 135, 
1/5). A small coin centered on this 
j>ojnt Avill cover the nerve, Avhose im- 
portance is bound up with the importance 
of the thumb itself. The deep fascia 
covering the thenar eminence is too thin 
to afford the nerve much protection, and 
for prA{!ti(;al purposes it is subcutaneous. 
A cut or a puncture wound of the skin 
may easily damage the nerve. The su- 
perficial palmar branch of < the radial 
artery usually lies along the medial side 
of the nerve, and, so, serves as a guide 
to it. 

The Three Hypothenar Muscles (mus- 
cles OF THE 1?ALL OF THE LITTLE FINGER) 
are in most respects mirror images of 
the muscles of the thenar enfinence. In 
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number, in name, in origin, in insertion, 
and in action the similarity is almost com- 
plete. The common origin is from tlie 
flexor retinaculum and its two medial 
pillars — viz., pisiform and hook of lia- 
mate. 

The Abductor Digiti V springs only 
from the pisiform, lies along, the medial 
border of the hand, and is inserted into 
the mSdial side of the base of the proximal 
phalanx of the little finger, which it ab- 
ducts. It acts, note, not on a carpo- 
metacarpal joint, like the Abductor of 
the thumb, but on a raetacarpd-pha- 
langeal joint. The two deeper muscles, 
Opponens DigiU V and Flexor Digiti \\ 
like their namesakes of tlu' thumb* arise 
from the flexor ret inaeuluin and from a 
distal carpal bone (the hook of the 
hamate). Tlieir ins<»rtions coi’respond 
exactly to thos(‘ of tin' lliumb. Their 
fibers run disto-medially. 

I'lie Flexor Digiti V appears to be a 
portion of the Abductor that has spread 
laterally in front of the Opponens. It 
is commonly absent. 

The little finger cannot be opposed to 
the other fingers,* because the degree of 
rotation permitted at its carpo-meta- 
carpal joint is trivial. At this joint, how- 
ever, flexion and extension take place. 
Verify this by grasping the knuckle of 
your little finger and moving it forwards 
and backwards. By the same procedure 
note that at the 4th carpo-m.etacarpal 
joint movements are slight; and at the 
3rd and 2nd absent. For the explana- 
tion of this, consult the distal surface 
of the carpus described on i)age 137. 

The Opponens and Flexor ’ Digiti V 
flex the carpo-metacarpal joint of the 
little finger and, so, increase the hollow 
of the palm thereby adapting it for use 
as a drinking cup or to oat^ching a ball. 

These muscles are supplied by4;he deep 
branch of the ulnar nerve as it runs 


between the pisiform and the hook of 
the hamate. 

The Adductor * PoIlici*s. The thumb 
possesses a fourth short muscle, the 
A^uctor Pollicis. It lies in the depths 
9f thQ palm, arises from the palmar 
border of the middle metacarpal, from 
*the corresponding carpal bone (the capi- 
tate), and from adjacent ligamentous 
material. It is inserted into both sides 
of the base of the first phalanx of the 
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Fiq. 135. ASedian and ulnar nerves and 
thenar muscles. C = communicating; D 
deep; D, L* « lumbrical branches of median. 

thumb (Jig. 134). Tlu* deep palmar arch 
interrupts its origin, dividing it into 
a distal transverse head and a proximal 
oblique head. Contrary, perhaps, to ex- 
pectation it is supplied by the ulnar 
nerve (deep branch). Its lower border is 
subcutaneous — or more accurately, it is 
subfascial — and is exposed by removing 
*the skin at the cleft between the pollex 
and index, that is, at the distal end of the 
1st intermetacarpal space. And, after 
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removing the deep fascia at the cleft, 
the space between the Adductor and the 
1st Dorsal Interosseous can be opened 
with the handle of a knife. Obviously 
the Adductor draws the metacarpal di 
the thumb across the palm and kepps it* 
applied to the palm. • . 

Opposition is the bringing of the pad 
of the thumb to the pad ef a finger and 
holding it there, as in pinching, writing, 
holding a cup by its handle, or fastening 
a button. Most delicate actions per- 
formed by the hand involve opposition, 
nie joint primarily concerned in tlie 
movement is the saddle-shaped carpo- 
metacarpal joint of the thumb. 

As regards the thumb, the movements 
executed an' circumduction, rotation, 
and flexion. 

. Starting^ ivith the three joints of tlu‘ 
thumb exti'uded, th(' complex movement 
of the oj)position is carried^nit as follows: 

(Hreumdudion . The Abductor Polli- 
cis Brevis, acting on the carpo-niotaearj)al 
joint, abducts or draws forwards the 
tiuiml) to the ])Osition assumed iii readi- 
ness to catch a ball. The Ojiponens and 
Flexor Brevis continiu* the circumduction 
and the Adductor com])letes it. 

I^o/alion. The Opponens and Fh'xor 
Brevis iiu'dially rotate' (pronate) the* 
thumb. This rotation iake^ ]]lae*e prin- 
cipally at the metacarpo-phalange ul .joint 
but also at the e*arpe) melaciirpal joint, 
whilst th(' trapezium moves on the sca- 
phe)id aneJ the' scaphoid angulates for- 
wards nbinnell). 

Flexion. The shoit muscles and the 
Flexor Pe>llicis Longus are responsible for 
tiexie>n. 

Tlie 3 joints of the opposing finger (or 
fingers) arc flexed by the Profundus, the 
Stililiihis, a Lumbrical, anel two Inter- 
ejss(ji,‘so t]|^t a posture resembling the 
sliglitly open claws of a crab is assumed. 
The very important Adductor Pollicis 


closes the ‘‘claw-like’' thumb firmly 
against the steadied “claw-like” finger. 

Without the Opponens and Flexor 
Ikevis there would be no rotation; with- 
out the .Adductor the grip would be weak. 
Tlie median nerve supplies the Opponens 
and Flexor Brevis; the ulnar nerve sup- 
‘ plies the Adductor. Hence, ulnar pa- 
ralysis results in weak opposition. 

The Ulnar Nerve. For reasons given, 
the ulnar nerve lies medial to its vessels. 
It enters the hand by passing vertically 
between the pisiform and the hook of the 
hamate (figs. 136) and therefore in 
front of the upper part of the flexor 
retinaculum and the piso-hamate liga- 
ment. * It is covered first by a slip of 
fascia, the volar carpal ligament, that 
passes from the tendon of the Flexor 
Chirpi Ldparis and the pisiform to the re- 
tinaculum; and then by the Palmaris 
Brevis, wdiicli is a superficial sheet of 
, muscle that passes from the retinaculum 
to the skin at 1h(' ulnar border of the 
hand. Jietwe(*n pisiform and hamate the 
n('rv(‘ divifk's into a deep and a superficial 
hranelt. 

Ihslribidion . The s^^perficial branch 
supplies cutaiK'ous branches to the me- 
dial li fingers and the motor branch to 
the Palmaris Brevis, and it communi- 
cates Avith the nK'dian nerve. Twigs also 
pass to the joints of the fingers and to the 
local v(*ssels. 

The d('ep branch supplies the tliree 
muscles of the hypothenar eminence, and 
then curves around the lower edge of the 
hook of the hamate into the depths of 
the palm Avhere it supplies (ill the short 
muscles of the hand, except the five sup- 
plied by the median nerve. 

The Median Nerve, after de^scending 
through the forearm, crosses the mid- 
point of the skin crease of the wrist. It 
there lies medial to the Flexor Carpi 
Radialis tendon and under sBelter of the 
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Palmaris Longus tendon. It enters the 
palm through the carpal tunnel. In the 
tunnel, it adheres to the deep surface of 
the flexor retinaculum (fig. ISl). It ap- 
pears in the palm, covered by the pro- 
longation of the Palmaris Loi^gus called 
the palmar aponeurosis — so it is fak-ly 
superficially placed At once it begins, 
to break up into a “recurrent” and digital 
braiiches. These arc distributed to 5 


1st Lumbrical 
2nd Lumbrical 


by digital branches 


These arc shown in figure 135, and the 
^“recurrent” bran(*h is described on page 
148 

The Digital Branches of the median and 
ulnar nerves have been identified on the 
sides of the digital fibrous flexor sheaths 
(p. Ill) 'rtie digital branches for the 
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Fig. 136. Superficial dissection of the palm. 


muscles and to the lateral 3| digits, to the 
joints of these digits and the local vessels. 

Motor Branches. The 5 muscles sup- 
plied by the median* nerve arc the 3 
thenar muscles and the 2 lateral lumbri- 
cal muscles: 

Abductor Pollicis Brevis ] by the 
Opponens Pollicis |reburrent 

Flexor Pollicis Brevis *) branch* 

^d 


adjacent sides of the four fingers are 
derived from 3 palmar (or common) 
digital nerves, which descend to the 3 
interdigital clefts and after bifurcating 
become cutaneous. The palmar digital 
branches are protected by the^ tough^, 
palmar aponeurosis and are cross^ only 
by the superficial palmar arch. Obvi- 
ously, the branch to the radial side of the 
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index and the brancli to tJic ulnar side of 
the little finj^er do not bifurcate. 

The two digibd branciics to the thumb 
descend in the furrow medial to the 
thenar (‘ininence, wlien^ tlicy Ii(j first ie 
front of the synovial sheath of the Flexor^ 
PoIIicjs bongus and lluTeaftcr along the 
sides of its fibrous flexor sheath. 

FIk' digital brancFes of t]ie median and 
ulnar nerve's to the ring finger eonimuni- 
ente in the palm, and through this eom- 
muni(;a1ion tlie ulnar nerve' commonly 
extends its influence to mediiwi nerve 
territory (p. /75). 

Palmar Aponeurosis. The Palmaris 
Longus tendon crosses in front of the 
flexor retinaculum, gains partial attach- 
ment to it, and in the palm divides into 
foil?' broad, diverging bands of longitu- 
dinal fibere tiiaf. d('S(H'nd to the roots of 
the 4 fing(‘rs, there to be lost in the sub- 
cutaneous tissiKis {jUj. Dorsal to 

each band runs a paii* of long digital 
tendons (a Sublimis and a Profundus). 

In the distal half of llie palm two par- 
allel fibrous septa pass dorsal ly from each 
band to Ih' attac'hed to the j)almar liga- 
ments and to the sheet of fascia. (*on 
tinuous with them tliat covers^ the deep 
musch's of tli(^ palm (fntx'rossiu and Abd. 
Pollicis Longus). Ultiniat('ly ihey reach 
the anterior borders of nu'tacarpals d, i, 
and 5 {Jhj. Li2). Tlius is tlk- palmar- 
aponeurosis ancliored distally. 

The longest and strongc'st of these 
anchoring septa li(* on each side of the 
tendons passing to the middle finger. 
To display tlu^m make a longitudinal in- 
cision through the band that descends 
to the middle linger, turn the cut edges 
aside and Avith blunt forceps reveal the 
sharp, curved, proximal margins of the 
septa. Ihe Palmaris Longus has, then, 
an antebn^iial portion and a palmar ‘ 
portion. Tme palmar .portion is called 
the 'palmar aponeurosis. It receives an 


accession of fibers from the retinaculum; 
so, it is a stronger structure than the 
antebrachial portion. 

The four diverging digital bands arc 
united by transverse fibers. Lying deep 
to the transverse fibers are the digital 
vessels and nerves and the Lumbricalcs. 

• Structures Crossing the Skin Crease at 
the Wrist to Enter the Palm. (A) Those 
crossing superficially have been described. 
They are: 

1. The ulnar nerve and vessels. 

2. The Palmaris Longus. 

3. The superficial palmar branch of the 
radial artery (p. 135). 

4. The palmar cutaneous nerves de- 
rived from the ulnar, median, musculo- 
cutaneous, and radial nerves (fig. 92). 

(B) Those crossing deep, traverse the 
carjDal tunnel. They are: 

1. Flexor Pollicis Longus and Flexor 
Digitorum Profundus, lying side by side. 

2. Flexor Digitorum Sublimis: ten- 

* dons III and IV lie in front of II and V 
as they enter the tunnel, and lie between 
them, side l)y side, as they leave. Ten- 
don V is very slender. 

3. Tlie median nerve ^and artery when 
present) clinging to the posterior surface 
of the retinaculum. 

4. Flexor Carpi Radialis, which on its 
way to its insertion into the base of meta- 
carpal II {and III), crosses in front of its 
elevated pulley, the tubercle of the sca- 
phoid, and then sinks into the vertical 
groove on the trapezium. It is separated 
from the foregoihg structures by a deep 
slip of the retinaculum; so, it occupies a 
private side tunnel. 

The foregoing tendons and the median 
nerve converge from the forearm, tra- 
verse the carpal tunnel, and then diverge 
to. the digits. Tlie Flexor Pollicis Lon- 
gus rims between the three superficial 
thenai* muscles and the Adductor Polli- 
cis. 
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Fibrous Flexor Sheaths of the Digits. 

A pair of tendons, a Sublimis and a 
Profundus, descends dorsal to each of 
the four digital slips of the palmar 
aponeurosis. In front of the head of a* 
metacarpal bone each pafa* enters a 
fibrous flexor (digital) sheath (fig, *137). 
Each sheath extends from the palmar 
ligament of a motacaipo-phalangeal joint 
to ^ the insertion of a Profundus tendon 
into the base of a distal phalanx. Each 
sheath, therefore, crosses tliree joints. 
In front of the joints the sheath must for 
functional reasons be pliable; here, then, 
it is thin and its fibers are arranged like 
the limbs of a St. Aiidrew^s Cross. But 
in front of the bodies of the proximal 
and middle phalanges the fibers are 
transversely curxed and arc strong, and 
with the phalanges they f^rm osseo- 
fibrous digital tunnels which are com- 
parable in structure and function with 
the osseo-fibrous carpal tunnel. ^ 

Insertions of the Digital Flexors. 
Each Profundus tendon is inserted into 
the whole breadth of the anterior aspect 
of the base of a distal phalanx. Each 
Sublimis tendejn splits in front of a 
proximal phalanx into medial and lateral 
moities (fig. 13S). The two central quar- 
ters of the split tendon spread apart like 
the limbs of the letter V and find at- 
tachment to the proximal ends of tlie 
ridges on the margins of a middle pha- 
lanx; tlie two side quarters twist round 
the sides of a Profundus tendon,* decus- 
sate behind it like the letter X, and 
pass to the distal ends of the ridges on 
the oppoi^te margins of the phalanx. 
As a result, the surfaces of the Sublimis 
tendon are reversed. Each Profundus 
tendon, therefore, passes through a per- 
foration in a Sublimis tendon; hence, the 
old terms, Flexor Perforans and Flexor 
Perforatus. » 

You would think that a contracting 


Sublimis would grip the Profundus ten- 
dons and arrfst thepi; but it is not so. 
If you cut across a Profundus tendon 
and withdraw it from the Sublimis, and 
then pull on the Sublimis, you will find 
that the intricate perforation remains so 
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Fio. 137. A fibrous digital flexor sheath 
showing the two osseo-fibrous tunnels. 
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Fig. 138. Mode of insertion of the long 
digital flexors. 

widely open that you can easily thread 
tl/e Profundus tendon through it again. 

The ridges on the margins of the 
proximal and middle phalanges give 
attachment to the transverse fibers of 
the fibrous flexor sheath. Those on the 
middle phalanx are the better marked 
because they give attachment to a Sub- 
limis tendon also. 
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The Lumbricales are four muscles 
which in shape, size, and color resemble 
earthworms. They arise in the palm 
from the Profundus tendons. They lie 
behind the digital vessels and nerves, 
and they accompany them in front of the 
deep transverse ligaments of the palm* to 
the i-adial side of the fingers, where they 
join the extensoi* (dorsal) expansions dis- 
tal to the attachment of an Interosseous 
UiJ , 153). Tlie Lumbricales to the 
index and middle fingers arise from* the 
radial side only of the corresp*6nding 
Profundus tendons, and like them they 
are supplied by the median nerve. The 
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outer tube is closed at both ends. Y6u 
must have noticed that where a muscle 
plays or rubs against a bone, ligament, or 
other resistant structure its fleshy fibers 
^ are replaced by a fibrous tendon— a 
.tough tissue that requires but little 
nouKshment. It would seem that the 
vascular, fleshy fibers of a muscle are too 
highly specialized to withstand pressure, 
'i'^oii must also have noticed that «bC' 
tween such a tendon and the site of pres- 
sure a bulsa is invariably interposed to 
facilitate play and to diminish friction. 

It is Evident that during flexion of the 
wrist the long flexor tendons rub on the 
back of the flexor retinaculum and that 
during extension of the wrist they rub on 
the pron\inent anterior margin of the 
lower end of the radius and on the carpal 
bones. Bursae therefore arc required 
both in front of these tendons and be- 
hind them. Under circumstances such 
,as this, Nature provides tubular bursae 
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Fig. 1-tO Stages in the development of tendon, synovial sheath, and mesotendon. 


Lumbricales to the ring and little fingers 
take origin from the ulnar side also of the 
adjacent tendons and like the correspond- 
ing Profundus tendons are supplied by 
the ulnar nerve. 

iVote that, by not giving origin to the 
2nd LiimbricaI,J,hc Profundus tendon to 
the index enjo 3 \s a freedom denied to Uio 
other Profundus tendons. 

Synovial Sheaths. A synovial or mu- 
cous sheath is a lubricating device. It 
js a bursa that envelopes or ensheatlis a 
y tendon ; so^ is of tubular form. Indeed, 
it is a tube within a tube, and the poten- 
tial cavity between the inner and the 


called synovial sheaths. They arc found 
only in the hands and feet and around the 
long tendon of the Biceps Brachii. 

Though tendons commonly lie free 
within their synovial sheaths, it was not 
(^ver thUvS with them, as figures 139 and 
140 explain. tendon ly^ng within 

a synovial slieath has, or must at one 
time have, had, a mesotendon. A meso- 
teiidon is analogous to a riiesentery. It 
is a double layc'r of synovial membrane 
that attaches a tendon to the wall of its 
sheath and (*onveys vessels to it. It is 
attaehec^ f o ihe side of the tendon least 
liable to friction. On an average a syno- 
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vial sheath extends an inch proximal to 
and an inch distal to the site of friction. 
But this depends upon the excursion the 
tendon makes: the greater the excursion,^ 
the greater the length of the sheath, and 
probably the greater the likelihoad oT 
the meso-tendon disappearing. 

Now, the long flexor tendons (Sub- 
limis, Profundus, and Pollicis) require 
synovial sheaths first where they pass 
through the osseo-fibrous cajpal tunnel 
and subsequently where they pass 
through the osseo-fibrous digital tunnels. 
They have, therefore, carpal synovial 
sheaths and digital synovial sheaths. Of 
all the digits, the thumb has obviously 
the freest range of movement, followed 
in order by digits V, IV, III, and II. 
This and the shortness of the metacarpals 
of the thumb and of digit V result in their 
carpal and digital sheaths coming into 
contact {fig. HI). Those of the thumb 
probably always unite; those of the littie 
finger fail to unite in about 10 per cent of 
persons; those of digits IT, III, and IV 
(always) remain discrete. The carpal 
sheaths of the four Sublimis and four 
Profundus tendons usually become one, 
the Common Flexor Sheath (Common 
carpal sheath) with a laterally placed 
mesotendon. The carpal sheath of the 
Flexor Pollicis Longus commonly joins 
the common flexor sheath. In such cases, 
fluid injected into the digital flexor 
sheath of the little finger flows into the 
common flexor sheath, thence to the 
‘^carpal” sheath of the Flexor Pollicis 
Longus, and so to its digital sheath. 
Equally, On infection starting in the 
sheath of the little finger may spread by 
this i*oute to the thumb. The digital 
sheaths, of course, do not extend distally 
beyond the insertions of the Flexor Digi- . 
torum Profundus and Plexor Pollicis 
Ijongus, that is, beyond the epiphyses of 
the terminal phalanges, A cut, there- 


fore, over the diaphysis of a terminal 
phalanx will not entefr a sheath. 

The very end portions of the original j 
mesotendons of the Flexores Sublimis,; 
Profundus, and Pollicis Longus i:cmain as\ 
triangular folds, the vincula brevia, and, 
several thread-like portions of the meso-| 
tendons of the Profundus and Sublimis] 
persist in front of the proximal phalanges 



Pig. 1 11. Synovial sheaths or tubular bursae 
are required for the long digital flexor tendons 
at the osseo-fibrous carpal tunnel and at the 
osseo-fibrous digital tunnels. The Lumbri- 
cales are shown. 


a§ vincvla longa. The vincula convey*^ 
blood vessels to the tendons. 

Palmar Spaces {fig. i^). There are 
in the palm four closed fascial spaces. 
The thenar muscles occupy one, the ' 
thenar space; the hypothenar muscles 
occupy another, ^ the hypothenar space. 
Between these two there is a large 
triangular central space that contains the 
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tendons of the fingers. Its anterior wall 
is the palmar apoj]oiirosis. • Its posterior 
wall is formed by the three medial meta- 
carpals, the fascia covering the medial 
Interossci, and .the fascia covering the 
Adductor Pollicis. Its side walls are the 
backwardJy turned edges of the palmar 
aponeurosis which fuse with the thenar 
and hypothenar fasciae, '^he fourth 
space is placed between the Adductor 
Pollicis in front and the two lateral 
intermetacarpal spaces behind. 


In the hand, four transversely placed 
arterial arches unite the ulnar and radial 
arteries to eacih other (Jig. UiS). In order 
of magnitude they arc : 

* (1 ) Tlie superficial palmar arch, (ly- 

iftg dpep to the palmar aponeurosis), and 
.(2) The deep palmar arch, 

(3) The posterior carpal arch, 
f'l ) "i'he anterior carpal arch, (lying 
on lli(‘ skeletal plane, i.e., on bone, in- 
terosseous membrane, ligament, or the 
fibrous capsule of a joint). 



TL POLL. LONCj VhENAR SPACE 
Fig. 142. The yjalinar spaces in cross-section. 


In the distal half of the palm, tin- c«^*iitr{il 
space has 8 subdivisions or tunnels: one being 
for each of the 4 pairs of long lloxor tendons and 
one for each of the 4 Lurnbricals an<l the com- 
panion digital vessels and nerves. 'The septa 
separating the tunnels arc derived from the 
palmar aponeurosis^ (See page 152.) The ten 
dons of the Lumbricales prolong (he spaces 
downwards on to the dorsum of the digits, 'll 
is by this lumbrical route that infect ion in the 
central palmar space may spread to the dorsum 
of the hand. 

Arteries. The blood supply to the 
hand is deri'^i^ from the ulnar and radial 
arteries. The supply is good and the 
anastomoses arc excellent. 


The Superficial Palmar Arch is the 

largest, the most distal, and the only 
superficial arch. It is the continuation 
of the ulnar artery in the hand. It de- 
scends from tlio, lateral side of the 
pisiform to the level of the web of out- 
stretclied tliurnb and there curves later- 
ally to be completed by one of the 
following three branches of the radial 
artery: (a) superficial palmar, (b) digi- 
tal branch to index or, (c) digital branch 
to thumb. 

'J^he superficial palmar arch lies imme- 
diately subjacent to the Palmaris Brevis 
and the palmar aponeurosis which alone 
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separate it from the skin. Hence, it is 
properly called superficial. 

As it enters the hand it descends be- 
tween the pisiform and Jiamate bones and 
crosses in turn the upper band of the 
flexor retinaculum, the pisohamate lig., ' 
the Flexor and Opponens Digiti Quinti^ 
the long flexor tendons, the luinbrical 
muscles, and the digital branches of the 
median nerve. The deep branch of the 
ulnar artery arises bot\vecn the pisiform 
and hamate bones and accompanies the 
deep branch of the ulnar nerve. 

Laterally, the arch is eommonlly com- 
pleted by the supei licial palmar branch 
of the radial arUay, \Nhich arises as the 


Note particularly that on the fingers 
the digital artpries ai^d nerves run side 
by side in contact not with th^ phalanges 
but with the fibrous flexor sheaths {fig, 
^144), It is, therefore, safe to make a 
longitudinal incision on the side of a digit 
so ^ong as the knife strikes bone, but an 
incision ’made on the side of a fibrous 
sheath may ^ever an artery and nerve. 
The digital nerve lies anteriol* to its 
fellow artery. 

The Radial Artery, after crossing the 
Pronatbr Quadratus, comes into con- 
tact with the lower end “of the radius. 
From there until, as the deep palmar arch, 
it unites with t?he deep branch of the 
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Fio. 143. Scheme cf arteries of the hand: The four arches are numbered in order of size — three 

cling to the skeletal plane. 


latter turns into the snuffbox. This 
branch may be an unimportant thread 
that ends largcl}" in the thenar muscles 
or it may be a large vessel whose pulsa- 
tions can be felt. 

Digital Arterus. The superficial pal- 
mar arch supplies the medial digits, 
leaving the lateral Ij to the care of the 
radial artery; it sends one digital branch 
to the medial side of the little finger and 
three common digital brandies, to the 
clefts between digits 5 and 4, 4 and 3, 
and 3 and 2, wdiere they bifurcate into 
digital branches pro]x^r. The (palmar) 
branches to the lateral 1} digits arise 
from the radial artery after it* lias en- 
tered the palm (p. 158). 


ulnar artery, it lies in contact with the 
skeletal plane. Thus, after giving off 
the anterior radial carpal and superficial 
palmar arteries^ it turns round the lateral 
border of the wrist and traverses the 
anatomical snuff-box to reach the proxi- 
mal end of the first intermetacarpal space. 

It crosses in turn tlje lateral (radial 
collateral) ligament of the wrist, the 
scaphoid and trapezium; and, in turn 
it is crossed by the three tendons that 
bound the snuff-box, branches of the 
radial nerve to the thumb, and the dorsal 
venous arch. 

While in the snuff-box the radial artery 
gives off the posterior radial carpal artery, 
and sends small branches, dorsal digital 
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aa., to the sides of lateral 1 J digits, 
passes between the two heads of the 
First Dorsal Interosseous, and enters the 
palm to become tlic deep palmar arch. 

The Deep Palmar Arch (fig. Wi) is 
the radial a. continued into the palm. 
It is completed medially by the deep 
branch of the ulnar artery. It crosses the 
metacarpals just distal to Iheir bases. 
It interrupts the origin of the Adductor 
Pollicis, dividing it into a transverse and 
an oblique head. The deep branch of the 
ulnar artery, accompanied by the deep 
branch of the ulnar nerve, becomes deep 
by curving round the lower border of the 
hook of the hamate and in so doing it 


Fig. 144. Section through a proximal 
phalanx. 

intemipts the origin of the Opponens 
Digiti Quinti. 

* The deep arch is the great aiuistornos- 
ing artery of the hand (fin. Y./O* Thus, 
it connects the radial arteiy laterally, 
the ulnar artery medially, the anterior 
carpal arch proximally, the palmar digi- 
tal arteries distally, and the dorsal meta- 
(!arpal branches of the dorsal carpal arch 
posteriorly. In detail, it does so by 
means of the following branches: 

Branches. On entering the palm, the 
radial artery supplies: (a) palmar digital 
branches to the lateral digits (viz., 
princeps p' iIIIIb and radialis indicis aa.). 
These vessels are larger than the dorsal 
digital branches. They descend between 
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the Adductor Pollicis alid the First 
Dorsal Interosseous, and then follow the 
sides of the digits in the usual manner. 
They may complete the superficial 
'palmar arch. Its other branches are: 
(b) three palmar metacarpal arteries which 
run distally in the three medial inter- 
metacarpal spaces to join the common 
digital arteries; (c) three perforating 
arteries which pass between the heads 
of the Dorsal Interossei to join the dorsal 
metacarpal arteries, (just as the radial 
artery itself does in the first space); and 
(d) several recurrent branches which run 
upwards to the anterior carpal arch. 

Surface Anatomy. To map the course 
of the deep palmar arch, feel on the dor- 
sum of your hand for the proximal end 
of the 1st iiitermetacarpal space, i.e., 
where the jradial artery enters the palm. 
Relate this point to the front of the hand, 
and from it carry a slightly bowed )in(^ 
ecross tlic ])alm to the hook of the 
hamate. 

The Anterior Carpal Arch is formed 
by 1h(' union of tlu' anterior carpal branch 
of the ulnar artery and the anterior carpal 
branch of the radial artry. It lies in 
front of the lower end of the radius and 
llie proximal row of carpal bones. It 
anastomoses with (the anterior communi- 
cating branch of) the anterior inter- 
osseous artery and with recurrent 
brandies of the deep palmar arch to form 
a rete or network (fig. Id/i). 

The Posterior Carpal Arch lies at the 
back of the wrist between the proxi- 
mal and distal rows of carpal bones. It 
is formed by the posterior canpal branch 
of the radial artery, which arises from 
the radial artery while in the snuff-box, 
and it is completed medially by a small 
vessel, the posterior carpal branch of the 
vlnar arUry, which has to wind round the 
medial bhrder of the wrist. The ter- 
minal branches of both the ahterior and 
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the posterior ' interosseous arteries 
anastomose with it. 

Its branches are; (a) a branch to the 
medial side of the little finger, and (b) 
three dorsal metacaiT)al arteries. The* 
latter end on the proximal phalanges* 
and by means of three perforating ’arte- 
ries (in series with the radial artery itself), 
join the deep palmar arch. 

Note again (a) all arteries mentioned 
in the preceding paragraphs lie on the 
skeletal plane, (b) The accompanying 
scheme of the arteries of the hand is self 
explanatory (fig. l.'iS), It will rfeadily be ’ 
understood that though there arc many 
possible channels at the disposal of the 


blood stream, they are ^....ted to 
different degrees in different persons, 
(c) The antenor carpal arch is generally 
very small, (d) When an enlarged 
median artery is present, it usually either 
partakes in the superficial palmar arch 
or, passing directly to the central digits, 
leaves the medial fingers to the care of 
the ulnar artery and the lateral ones 
to the radial artery, in which ease there 
may be no superficial arch, (e) An en- 
larged perforating artery, associated with 
either* an enlarged palmar or dorsal 
metacarpal artery, commonly carries the 
chief volume of blood to a digital artery 
proper. i 



CHAPTER 6 


THE EXTENSOR REGION OF THE 
FOREARM AND HAND 

(The posterior and lateral aspects of the 
forearm and tlio dorsum of the hand) 

The muscles covering the lateral sur- 
face of the radius, as well as those on the 
back of the radius and ulna, are supplied 


TKere catv be rio f lesKy fibres 



Fic. 145. Fleshy fibers must give place t( 
tendon at the lower end of th(' radius. 


by the posterior cord of the brachial 
plexus via the radial nerve itself or a ia 
its posterior interosseous branch; and, 
they belong developmentally to the 
extensor, or dorsal surface of the limb 

(fig. no). 

The exte^ppr region of the forearm and 
hand is sharply marked off from the 
flexor surface medially by the olecranon. 


,the sharp subcutaneous posterior border 
of the ulna, and the medial border of 
the hand. Laterally, the dividing line is 
indicated by the radial artery as far as 
the wrist, and, distal to this, by 'the 
lateral border of the hand. 

Glance ‘at the dorsum of your hand 
when it is closed and the wrist flexed, 
and observe how extensive is the convex 
bony surface over which the extensor 
tendons play and press. It extends from 
the lower ends of the radius and ulna to 
the finger nails. Therefore, all fleshy 
fibers necessarily give place to tendon at 
this level {fig. and there arc no 

fleshy fibers distal to it; so, no muscles 
arise from the dorsum of the hand. Cer- 
tain muscles are inserted there -but in 
all in.stances by long tendons. No ten- 
dons art' inst'iied into the dorsum of the 
carpus. .All ten<lons passing from the 
forearm to the back of the hand span the 
carpus and reach the bases of the meta- 
carpals or phalanges. 'I’hose passing to 
the metaearpals arc strong and rounded' 
like flexor tendons; they help to steady 
(he wrist. Those passing to the pha- 
langes are weak, flattened aponeuroses 
resembling thick fascia; little is expected 
of them. 'I'hey are not employed against 
I’esistmico, but are used to open the hand 
preparatory to grasping an object, and 
the metaearpals and phalanges are pal- 
pable through them. 

As there are no fleshy muscle fibers on 
the dorsum of the hand, but only tendons, 
there is no occasion for motor nerves, 
and there are none. 

The Subcutaneous and Palpable Parts 
of the Ulna {fig. 146) are: (a) the trian- 
gular posterior surface of the olecranon, 

160 
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which the subcutaneous olecranon bursa 
covers. (6) The posterior border of the 
ulna; it extends from the apex of the 
posterior surface of the olecranon to the 
styloid process. It is sharp in its upper 
two-thirds because the aponeuroses of the 
Flexor and Extensor Carpi Ulnaris, which 
lie one on each side of it, arise from it.' 
(c) The subcutaneous lower third of the 
medial surface; it is subcutaneous be- 
cause neither the Flexor Digitorum Pro- 
fundus nor the Flexor Carpi Ulnaris is able 
to utilize it (see p. 132). {d) The head, 

and (e) the styloid process. When you 
pronate your forearm in order to inspect 
the back of the hand, the lateral part of 
the rounded head of the ulna is brought 
into view. It is, however, covered by 
the capsule of the inferior radio-ulnar 
joint. (/) The upper, lateral, and medial 
surfaces of the olecranon can be palpated 
through the muscles attached to them 
(Triceps, Anconeus, Profundus). 

The Subcutaneous and Palpable Parts'* 
of the Radius are: (a) the disc-like head. 
It lies immediately below the smooth 
posterior aspect of the lateral epicondyle. 
When the elbow is extended, the head 
lies at the bottom of a visible hollow in 
which its upper margin is easily felt on 
pressing firmly downwards. When the 
elbow is flexed and the forearm alter- 
nately pronated and supinated, the head 
can be felt to revolve under the palpating 
fingers. It is covered by the common 
tendon of origin of the extensors and the 
annular ligament of the radius. (6) The 
lower end of the radius can be grasped 
between the fingers and thumb. The 
rough, crested, anterior margin of the 
lower articular surface is very prominent, 
(c) And the dorsal radial tubercle of 
Lister projects from the posterior aspect 
of the wrist, lateral to its midpoint, (d) 
The styloid process of the radius lies in 
the anatomical snuff-box and is half-an- 


inch below the level of the ulnar styloid 
process. In order to palpate the tips 
of these processes, gra^p the sides of the 
wrist between the thumb and index, and 
4)ress upwards. 

The Snuff-Box. When the thumb is 
fully extended a hollow, called the '^ano- 
tomical snuff-box”, can be seen on the 
dorsum of thp wrist, at the root of the 



Fig. 14G. Palpable parts of ulna and radius, 
from behind (see text). 

thumb. Bounding the snuff-box medially 
is the tendon of the Extensor Pollicis 
Lengus. Bounding it laterally, and at 
the same time forming the lateral bound- 
ary of the wrist, are the tendons of the 
Abductor Pollicis Longus and Extensor 
Pollicis Brevis. These three tendons can 
be seen in the living subject and should be 
traced in the dissected limb distally to 
their insertions. One will be found at- 
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tached to the base, which is also the 
epiphysis, of each of the three long bones 
of the thumb. * • 

Crossing the snuff-box superficially are 
the beginning of the cephalic vein in thei 
dorsal venous arch, and the {superficial) 
radial nerve. When these are displaped 
the radial artery can be exposed crossing 
the snuff-box on the skeletal plane. It 
(leseends almost vertically across tlie 
lateral ligament and the two marginal 
bones of the wrist (scaphoid and trape- 
zium) to the upper end of the first inter- 
metacarpal sp^ce where, like a perforat-^ 
ing artery, it passes between the two 
heads of the first Dorsaj Interosseous to 
enter the palm. 

The Three Tendons of the Thumb 
shouhl be traced proximally. First, fol- 
low the Abductor Pollicis Longus and 
Extensor Pollicis Brevis to the side of the 
radial styloid process, aiuMhe Extensor 
Pollicis Longus to tlie medial side of 
Lister^s dorsal radial tubercle; then, fol- 
low them upwards into the lower third 
of the forearm to the site where they 
outcrop from the depths {fig. 1 ^7). 

The furrow along which these 3 ob- 
liquely running muscles of the thumb 
emerge is to be opened up as far as the 
head of the radius. As this involves 
splitting the intermuscular septum [be- 
tween the extensors of the radial carpals 
and the extensors of the iligits] the point 
of a sharp knife must be used. Beyond 
the head of the radius the incision should 
be carried upwards along the lateral 
supracondylar ridge of the humerus as 
far as the spiral groove. At this level 
the incision must stop lest the radial nerve 
be damaged. This is perhaps the most 
important single observation for you to 
make on the back of the forearm^ for the 
following rea^gis; The line of the 3 out- 
cropping musSes of the thumb is crossed 
by no nerve. This makes it the safest 


and most natural line of approach and 
entry to the deeper parts of the back 
of the forearm. Any other extensive 
intermuscular incision in this region will 



Fig. 1 17. The furrow of the “three outcrop- 
ping thumb muscles” opened up— the line of 
relative safety. 

imperil a motor nerve. This is, there- 
fore, a line of safety or of relative safety. 
It divides the superficial muscles at the 
back of the forearm into a lateral and a 
posterior ^roup, each with its own nerve 
supply. On separating the two groups 
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of muscles, the Supinator, which is one 
of the deep muscles, is seen wrapped 
around the upper third of the radius. 

The Supinator (fig, I (,7) arises from 
the lateral ligament of the elbow joint, 
from the annular ligament, from the 
triangular hollow (the supinator fOwsa) 
below the radial notch of the ulna, and* 
from the ridge l)ohin(l tli(‘ hollow. From 
this/*origin its fibers, when viewed from 
behind, are seen to wund in the same di- 
rection as the hbers of its antagonist, the 
Pronator Teres, (i.e., infero-laterally) to 
be inserted into the body of the riulius 
between the anterior and posterior ob- 
lique lines. 

The Posterior Interosseous Nerve. 
(deep radial nkkve) is one of the two 
terminal liranc'hes ot the ladial nerve, 
the other blanch l)t*ing the (sujxu'ficial) 
radial nervf'. 11 arises from the radial 
nerve in front of the capsule of the elbow^ 
joint and umler cover (jt tlu' Prachio- 
radialis. The (superficial) radial nervo^ 
(p. 135) is cutaneous and articular in 
its distribution , the posteiior interosseous 
nerve is motor and articular. 

The posterior interosseous nerve winds 
round the radius in the substance of the 
Supinator, which forms for it a fiesliy 
tunnel. It (‘merges from the tunnel 2^ 
inches or less below^ the liead of the radius 
and finds itself under cover of the medial 
group of superficial muscles. The fleshy 
tunnel, therefore, conducts the nerve 
across the furrow' of the 3 outcropping 
muscles of the thumb.* The roof of the 
tunnel is thin; so, it must be respected. 

The radial and posterior interosseous 
nerves together supply the three muscles 
of the lateral group ' (Brachio-radialis, 
Ex. Carpi Radialis Longus, Ex. Carpi 
Radialis Brevis) and the Supinator before 
the latter nerve enters the Supinator. * 
On emerging from the Supinatpr, it pro- 
ceeds to supply all the remaining muscles 


on the back of the forearm, the An- 
coneus as a rule excepted. Its terminal 
branches supply the 'wrist and carpal 
joints. There are no fleshy muscles on the 
* back of the hand for it to supply. 

The Muscles of the Extensor Region 
of &e Forearm are arranged in two layers 
— a superficial and a deep. The super- 
ficial layer is^ subdivided into two groups 

a lateral and a posterior- -hy th(i line 
of the three out-cropping thumb muscles. 

ddie origin of superficial muscles is 
from a^flattened, common extensor tendon^ 
which is attached to the anterior aspect 
of the lateral opicondylo of the humerus, 
from th(' investing de(^p fascia, and from 
intermuscular septa. The origin of the 
lateral group of muscles e\t(‘nds up the 
lateral supracondylar ridges as far as 
the spiral groove. Th(‘ coijpnon tendon 
crosses behind the humero-radial joint 
and the annijar ligament, and therefore 
behind the head of the radius which is 
palpable through it. 

The Lateral Group of. Superficial 

EXTENSORS are: 

(1 ) Brachio-radialis. 

(2) BxU nsor Carpi Radialis Longus. 

(3) Extensor Carpi Radialis Brevis. 

They are situated lateral to the line of 

the 3 outcropping muscles of the thumb. 

C-ollectively these 3 lateral muscles me 
related to the lateral surface of the ra- 
dius, being separated from it above by 
the Supinator, in the middle by the in- 
sertion of the Pronator Teres; while l)elow^ 
they are in contact with the bone. The 
two radial extensors of tlic wrist are 
c»;ossed by all three outcropping tendons 
of the thumb. 

The Brachio-radialis arises fiom the 
upper I of the lateral supracondylar ridge 
and lateral intermuscular septum. It ^ 
bounds the cubital fossa laterally and 
shelters the radia,! n rve. Its tendon is 
inserted in the base of the styloid process 
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of the radius. It is peculiar in having 
both origin and insertion at the distal 
ends of bones. 'Its origin rises much 
higlior on llie laferal sui)racon(lylar ridge 
than (l(>(\s tJic origin of the Pronator^ 
Ten'S on the medial supracondylar ridge ; 
and, th(‘roibr(', being further than the 
Pronator Teres from the traverse axis 
of the (‘Ibow joint, it arts as a much 
more powerful flexor of the elbow (/if/. 
18r^). firing your limb into the position 
in which you would carry it in a sling, i.e., 
the elbow flexed, forearm mid\yay be- 
tween pronation and supination, the i)alm 
facing the chest. Then flex the elbow 
against resistance, noting how powerfully 
the Brachio-radialis stands out. Clearly, 
it acts Jis a flexor, though develoimicntally 
it belongs to the extensor group of mus- 
cles and is ^ipplied by an extensor nerve. 

The Extensor Carpi Radialis Longus 
arises from the lower J of tjtie epiconrlylar 
ridge and lateral intermuscular septum. 

The Extensor Carpi Radialis Brevis 
arises from,, the common londoii, the 
lateral ligament of the elbow, and the 
intermuscular septum between it and tfu' 
Ex. Digitorum Communis. '^Piie tendons 
of the two radial extensors occupy the 
broad sulcus on the lower end (»f the 
radius lateral to the dorsal jadial tubeicle 
(Jig. 103). They cross th(' snuff bo\ and 
pass to the bases of th(j 2n(l and ‘hd meta- 
carpals. 

There is commonly a /n/r.va at (‘acli end 
of the Ex. Carpi Radialis Brevis. d1ie 
one lies Ix'tweeji its tendon of origin 
and the annular ligament; it is said to be 
inflamed in “tennis elbow”. The otfeer 
lies between its tendon of insertion and 
the styloid process of the 3rd metacarpal ; 
it is sometimes distended with fluid. 

Surface A}uito?ny. WTiile viewing your 
own wrist from the radial side, alter- ■ 
natcly clen* and rel^\x your closed fist, 
observing that the E.x. Carpi Radiales 


Longus and Brevis tendons spring back- 
wards as the first goes into dorsiflexion 
(extension). Now, gently grasping your 
wrist anteroposteriorly, palpate these two 
tendons as they spring backwards. 

Tnh POSTEUIOK (jROITP OF SlTPER- 
FioiAL Extensors are: 

• 1. Extensor Digitorum Communis, 

2. Extensor Digiti Quinti (V). 

3. Extensor Carpi Ulnaris. 

4. Anconeus. 

The Three Extensors arise from the 
common tendon of origin, the deep fascia 
covering them, and the septa separating 
them from each other and from the Ex. 
Carpi Radialis Brevis. 

The Ex. Digitorum Communis runs 
in the most medial groove on the back 
of the lower end of the radius; with it is 
the Ex. Indicis. The Ex. Digiti V runs 
alone behind the inferior radio-ulnar 
joint. Insertions (see p. Kw). The Ex. 
Carpi Ulnaris ])lays in the deoj) groove 
'between the head and styloid process of 
the ulna. 11 is inserted into the tubercle 
on the medial ►^idc of the base of meta- 
carpal .Just proximal to this, you 
can fialjiate its tendon from the medial 
sidi* -particularly wheif the open hand 
is extended and adducted. 

The Anconeus arises by tendon from 
the back of the lateral epicondyle. It is 
inserted by fleshy fibers into the posterior 
surface of the ulna above the oblique 
line and into the lateral surface of the 
olecranon. Developmentally, it is a 
downward extension of the Triceps. It 
is covered with a dense fascial expansion 
of the Trii§eps, and is supplied by a 
branch of. the radial nerve that descends 
in the medial head of the Triceps. It 
can, therefore, be separated from the Ex. 
Carpi Ulnaris without damage to a motor 
nerve. 

The Deep Muscles on the back 
« 

OP THE Forearm are: c 
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1. Supinator (considered on p. 163). 

2. Abductor Pollicis Longus, 

3. Extensor Pollicis Brevis, 

4. Extensor Pollicis Longus. 

They (2, 3 and 4) outcrop in the furrow 
between the two groups of superficial mus- 
cles. They are inserted into the epiphy- 
ses at the bases of the 3 long bones of- 
the thumb. 2 and 3 groove the styloid 
process. 4 wind^ round a f)iilley (dorsal 
radial tubercle) which holds it away from 
2 and 3; licnci', the '‘sniilf-ho\”. 

5. Extensor Indicis joins the extensor 
expansion to the index. 

To appreciate these muscles better 
some knowledge of the dorsal surfaces of 
the ulna and radius is required. 

The Dorsal Surfaces of the Ulna and 
Radius (Jig, 1 '(8), The dorsal surface of 
the ulna is crossed by an oblique line 
that passes Irotii tlie radial notch to the 
bend on the sharp ])osterior border at the 
junction of the upper \ and lower J of 
the bone. Tlie area above this line* 
belongs to the Anconeus. 

The posterior suifaco of tlie radius also 
is crossed l)y oblique line, iJie posUrior 
ohhqiu lin( TIk' aren above tliis belongs 
to th<‘ Supjuato/. From tlie oblique Ime 
of the ulna :i rnlical hn( descends and 
divides tlie posterior surface into medial 
and lateral liahes. I'lu* medial half 
leads to the groove bet w (am tlie head and 
styloid process. The Ex. Carpi Ulnaris 
overlies the medial half and plays in the 
groove. The lateral half of the posterior 
surface of the ulna bClow the oblique 
line and the whole width of the posterior 
surface of the radius below the oblique 
line are utilized by the origins of 4 deep 
muscles, 3 being for the’ thumb, 1 for the 
index (Jig, The^" descend in ob- 

lique sequence to their insertions, and 
their tendons do not cross each other; so, 
•there can be no alternative as, to their 
arrangement. 


Arteries. Back op the Forearm. 
The Posterior Interosseous Artery is the 
smaller of the two terfninal branches of 
the common interosseous artery. It does 
jioi enter this region with the nerve of 
the same name, but by passing over the 
upijer border of the interosseous mem- 
brane and between the contiguous border 



Fig. 1 tS. Posterior aspect of ulna and radius, 
clothed. 

of , the Supinator and the Abductor 
Pollicis Longus. It descends between 
the superficial and deep muscles, supplies 
them, and takes part in the anastomoses 
at the elbow and wrist. 

The branch to the elbow, the interos- 
seous recurrent artery, ascends under cover 
of the Anconeus and anastomoses with 
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the posterior })nin(*Ji of tlic profunda 
brachii artery. 

The branch to»lhc wwst joins the ter- 
minal branch of the anterior interosseous 
artery^ whicli j^icrc^cs th(^ interossooiip 
membrane behind the IVonator Quadra- 
tus, and descends to anastomose willi’ 
th(‘ dorsal carpal an^h (Jig. * 

Back of the Hand. While the radial 
artery is crossing the snuff-box it sends a 
dorsal carpal branch medially behind the 
carpal bones. This branch joins the 
dorsal carpal branch of the ulny artery 
to form the dorsal carpal arch .(Jig. / 

[The doi'sal carjial branch of th(' ulnar 
artery leaclies tlie dorsum by crossing the 
medial lig. of the wiist.] The radial ar- 
teiy its(df and the dorsal carpal arch ulti- 
mately deliver a small dorsal digital 
artery to e^ach side of the root of each 
digit, making 10 in all. The radial 
artery provides the two^ dorsal digital 
branches to the thumb and one to the 
index. The arch sends 3 dorsal meia- • 
carpal arteries (list ally in the 2nd, 3rd, 
and 4th intcrmetacarpal spaces respec- 
tively. They bifurcate into small dorsal 
digital branches for the adjacent sides 
of the corresponding digits. The arch 
also provides the branch for the medial 
side of the little linger. Tlir dorsal 
metacarpal arteries are joiner] by per- 
forating branches of the deep paliTiar arch 
that pass between the* luaids of the 2nd, 
3rd and 4th Dor.sal Inteross<M. Tlie ra- 
dial artery itself passes between the two 
lieads of the 1st Dorsal Interosseous and 
is in series with these. 

The arteries on tlu^ back of the hand 
lie strictly on the skeletal plane ; and any 
tendons that cross them cross super- 
ficially. 

Deep Fascia. For a few inches below 
the elpow tte deep fascia gives origin to. 
the extern^ muscles^ so, its fibers are 
strong and run vertically. Just as the 


fascia covering the flexor muscles re- 
ceives an accession of fibers from the 
Biceps, called the bicipital aponeurosis, 
so the fascia covering the extensors re- 
ceives an accession from the Triceps, 
which may l)o called the tricipital aponeu- 
rosis. 

At the middle of the forearm the fibers 
are weaker and less definite in direction, 
and are attached to the subcutatUeous 
posterior border of the ulna. 

At the^ tower end of tlic forearm th(‘ 
fibers are reciuired to retain the extensor 
tendons in place. They might, there- 
fore, Ix' exj)(‘eted to pass transverstdy 
between Ihe subcutaneous parts of the 



Fig. 1 V.). Tlio extensor retinaculum. 

lo\\(M’ (uid of th(‘ radius and ulna. Hut 
tliis could not Ix^ becaiise sucli a union 
Ixdweeji the tw f) bones would effectively 
prevent pronation. This difficulty is 
overcome, aiul is o\'ercome to advantage, 
in the following manner: (a) the more 
pro.xiinal filx'rs, violating the rule that 
deep fascia must be attached to all the 
(exposed, subcutaneous, bony points it 
crosses, tuhi round the head of the iihia 
and become continuous with the fascia 
on the front of the forearm, thereby 
forming a sort of annular ligament for 
the head of tlie ulna (fig. (b) and 

the more distal fibers pass obliquely 
downwards and medially from the radius 
to tlie merlial carpal bones (pi.siform tri- 
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quetrum, and hamate) and, )x;causc of 
their direction and attachments, compel 
tlie carpal bones, and therefore the hand, 
to follow the radius during pronation. 
These strong obliquely set fil)ers, known 
as the extensor retinaculum (dorsal car- 
pal lig.) send septa to the radius, thereby 
forming ossco-fascial tunnels for the 
tendons. There ar(' (» of tliese, eacli 



Fig. 150. The 6 syuovial sheaths on the 
dorsum of the hand and a dorsal expansion — 
see also fig. 151. (Dissection by C. P. llance 
and J. W. Rogers.) 

lined with a synovial sheath. As at the 
front of theawrist, so at the back, each 
sheath extends about an inch proximal 
to and distal to the extensoi* retinaculum 
{fig, 150), 

Extensor Expansions (Dorsal Expan- 
sions). The four flat tendons of the Ex. 
Digitorum Communis traverse the most 
medial tunnel at the back of the lower 


end of the radius and diverging pass to 
the four fingers.. The Qommon tendons 
of the index and little fingers are joined 
on their medial sides near the knuckles 
By their respective proper tendons; 
•namely, the Ex. Indicis (Proprius) and 
Ex. 'Digiii Y (Proprius) {jigs. 150^ 151), 
The Extensor Indicis hnidon enters the 
hand in the saihc tunnel as the tendons of 
the Pl\. Digitorum (hmmunis. • 

The P)x. Digit] Yhas a tunnel for itself 
behind the inferior radio-ulnar joint, and 
it is often the main extensor of digit V, 
the CTimmunis tendon of digit V being 
merely an oblic^ue slip. 

Three oblique hands unite the four 
tendons proximal to the knuckles. 
Hence, the independent action of your 



fingers is restricted, no one finger being 
able to remain flexed while the others 
pass into extension. On flexing each of 
your fingers in turn, the tendons are 
seen to move sideways, the direction of 
the oblique bands is discernible through 
the skin, and the dorsum of the meta- 
carpal of the index is, on palpation, found 
not to be covered by an extensor tendon. 

Structure and A^itachments {fig, 
15^ on the distal ends of the mctacarpals 
and on the digits the extensor tendons are 
flattened to the tliiclcness of deep fascia 
and arc called e,vimsor or dorsal expan- 
sions. 

Each expansion is Avrapped around the 
dorsum and sides 6f a metacarpal head 
and of a proximal phalanx. The visor- 
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like hood, thus thi’own over the metacar- 
pal head, is anclipn'tl oii each side to the 
palmar li^. or ])lale and thereby it serves 
to retain tii(‘ extensor tendon in the mid- 
line of tlie dij^it,. A broad Jihm-arcol(i^‘ 
ribluoi [passes from the hood to tlie haso oft 
th(' j)n)\imal phalanx. • 



Fig. 152. An extensor expansion. 

On the proximal plialanx (lie exj)ansion 
divides into a middle hand, whi(;h passes 
to the base of the middle phalanx, ‘and 
into two side hands whicli pm^s to the base 
of tlie distal phalanx. 

The ext^ensor tendon is inserted mostly 
\da the middle band and only sli^zihtly via 
the side ^nds. 

. J’^aeh side band is' joined by lialf an 
Intoi’osseous t<‘ndon and rhorc distally, 


on tli(* radial side, by an entire l^umbrical 
ItMulon. Tlu'se tendons are united across 
the dorsum of the proximal phalanx by a 
slin^’ of transverse fibers; and via the side 
bands they run to tln^ liases of the 2nd 
and 3rd plialanj;es. 

"'Avtiovs. TIk' extensor tendons ex- 
* t(‘nd the melaearpo-phalanscal joints. 
The Jnl( rossei and Lumbricales extend 
the int(‘rphalanf>eal joints (Jig, lo6). 


Ihx'n aflei* an extcnisor expansion has 
beem eut*^ aci’oss, dorsal to a 1 st phalanx, 
Palm,ar an.dL Dors ext Irvtcrosscl 



Fio 15:5 K('!m 1 lonshipK of iiih rossei and 
Liinibi ieah's 1o llic' dee]) trans^’('rse lipiainenls 
of the palm, vie\v('d from the palmar aspect. 


traedion on th(‘ eoiT(‘spoMdin^ 2 , extensor 
tendon still results in ('xtcaision of the 
meta('ar{)o-phtihinj;eal joint due to the 
pull of the libro-aieolar riblion attached 
to the base* of the proximal. phalanx. 

The liihTossei and Lumbricales flex 
the nadacarpo-phalanseal joints by 
means of the slings of transverse fibers 
that cro.sses thi'. firoximal phalanges. 
The Interosbei have the same functions as 
the Lumbricales but they arc stronger in 
all movements. 
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Unless the riictararpo-phalangoal joints 
arc stabilized in extension by the long 
extensor tendons, the Interossei and 
Lumbricales arc not able to extend the 
interphalangeal joints noi* can they im- 
part side motion (alxluetion and adduc- 
tion) to the fingers. 

The action of tlu^ Jaimbricales and In- 
terossei in cxtejiding lh(' inter})ha]angcal 
joints is most powerful Avhen the meta- 
carp o-phal an goal joints arc h(‘ld fully 
extended, and as thes(^ joints are fh^xing 
the power diminishes progress! vx'ly until 


conspicuous from the dorsum of the hand 
filling the four intcrmetacarpal spaces 
and arising by double heads from the 
adjacent sides of the five mctacarpals. 

exclusion there are 3 Palmar Inter- 
ossci. 

'^rhe 3 l^almar Interossei arise by single 
heads from the anterior borders of the 
metacai’pals of the fingers w ith available 
borders, namely, 2nd, 4th, and 45th (fig. 
15/f ) — the 3rd anterior border is monop- 
olizer! by the transverse head of the Ad- 
ductor » Pollicis. Further, each arises 




they are flexed to a right angle, and be- 
yond this point the long (ixtensor assumes 
full extensor function. (Bunnell.) 

The Interossei. Each of the five digits 
can be abducted and adducted, that is, 
moved towards and moved away from a 
line passing through the middle finger, 
and called the axial line of the hand. For 
this, 10 muscles are required. The Ad- 
ductor and Abductores Pollicis attend to 
the requirements of the thumb, and the 
Abductor Digiti V abducts the little 
finger ; so, 3 movements are accounted for. 

Interossei account for the remaining 7. 

Four Doisal Interossei (fig. 155) arc 


from the inetacai’pal of the digit on w^hich 
it acts. 

Noav, the index and ring fingers can be 
moved away (abducted) from the axial 
line and the middle finger can be moved 
to both sides of the line (radial and ulnar 
abduction) — for these 4 movements the 
4 Dorsal Tnh^rossei arc employed. 

The indejji ring, and little fingers re- 
quire to be moved tow-ards the axial line 
(adducted) — for these 3 moveinents the 
3 Palmar Interossei are emploj^ed. 

Course. All 7 Interossei pass behind 
the deep transverse ligaments of the 
palm (fig. 153); the Lumbricales and the 
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palmar digital vessel.s and nerves pass in 
front. ^ 

Insertions. Thb sides bf the fingers to 
which the Interossei must pass to perform 
these movements ani apparent. Their^ 
insertions are partly into the bases of the 
proximal phalanges and partl 3 ^ into Jbhe 
extcTisor expansions. 

Nrrrc Supply. All Interpssei are sup- 
plied b>; the ulnar nerve. Tn 3% of 100 
limbs, however, tlie First Horsal Inter- 



Lunibric-.alejs and InteroHsoi, 

Those uxtond th<* niolac*:ir])ophalanRCill Mini 
tho intorpbalaiigoal joints respeot iv<jJ> 

osseous was supplied exclusively ]>y tin' 
median nerve. Tlie radial rnnvc ma\’' 
send it fibers, Avhich pcihaps i\iy .'^ensory 
(Sydney Sunderland ) . 

Salsbury points out (a) that the Pafmar 
Interossei, except rarely, are inserted 
wholly into the extensor expansions; 
(b) that file 1st Dorsal Interosseous is 
always and only inserted into bone; (c) 
and that the 2nd, 3rd, and 4th Dorsal 
Interossei have variable in|iprtions into 
the expansions and bone, each insertion 
generally arising from a separate fleshy 
belly. The 2nd Dorsal Interosseous has 
a greater ^ny insertion than the 4th, 
apd the 4tlrttian the 3rd. It is of interest 
to note that the lateral two Dorsal In- 


terossei arc on the same side as Lumbri- 
calcs and have essentially bony inser- 
tions; and that the medial two Dorsal 
InkTossei are on the opposite side to 
Lumbricales and pass to expansions 
(chicfl\0- 

When you adduct your thumb (towards 
•the index), the 1st Dornal Interoseous is 
seen to bulge ; and when you abducts your 
index against resistance, the 1st I>orsal 
Interosseous can be felt to become firm, 
giving the cue that it and the other Dorsal 
Interossei are abductors. 

It is* a mistake to commit to memory 
the attachments and actions of the 
Interossei when, by such reasoning as 
is given above, the details can be recalled. 

Nerve Supply of the Various Com- 
ponents of the Extensor Expansions. 

Radial nerve (Posterior interosseous 
br.) : Extensor Digitorurn Communis, 
Extensor Indicis Proprius, and Extensor 
Digiii Quinti Proprius. 

Ulnar nerve: [Abductor Digiti Quinti], 
Interossei (all seven), and Lumbricales 
(digits 4 and 5). 

Median nerve: Lumbricale.s (digits 2 
and 3) 

Fascial Spaces. If you plunge a needle 
through one of the flat extensor tendons 
on the dorsum of the hand and inject a 
fluid (c.g., plaster of paris, or colored 
wax), you will reveal a subaponeurotic 
space (Jiy. It is tfiangular, the 

apex being at the wrist, the base at the 
knuckles. Strong, thin, fibro-areolar 
membranes connect the expansions to 
each other and to the sides of meta- 
carpals 2 and 5 which limit the space 
laterally and medially. T&e anterior 
wall is formed by metacarpals 2-5 and the 
fascia covering the three Interossei be- 
tween them. 

Similar closed spaces exist on the dor- 
sum andr sides of each proximal and of 
each middle phalanx (fig. 144)^ 



THE UPPER LIMB 


171 


A List op the IJ^Iuscles op the Upper Limb 
(This list may be found useful in review work) 

Trapezius 
Latissimus Dorsi 
Levator Scapulae 
Rhomboideus Major 
Rhomboideus Minor 
Pectoralis Major 
claviqulai^'part 

sternocostal part ** 

abdominal part 
Pectoralis Minor 
Subclavius 
Serrajus Anterior 
Deltoideus 
Supraspinatus 

Infraspinatus , 

Teres Minor 
Teres Major 
Subscapularis 
Biceps Brachii 
long head 
short head 
bicipital aponeurosis 
Coraco-brachial is 
Brachialis 
Triceps 
long head 
lateral head 
medial head 
tricipital aponeurosis 
Anconeus 
Pronator Teres 
Flexor Carpi Radialis 

Palmaris Longus » 

Flexor Carpi Ulnaris 
humeral head 
ulnar head 

Flexor Digitorum Suhlimis 
humero-ulnar head 
radial head 

Flexor Digitorum Rrofundus 
Flexor Follicis Longus 
Pronator Quadratus 
Brachio-radialis 

Extensor Carpi Radialis Longus 
Extensor Carpi Radialis Brevis 
Extensor Digitorum Communis 
Extensor Digiti Minimi (V) 

Extensor CarpilUlnaris 
Supinator 

Abductor Polliois Longus 
Extensor Pollicis Brevis 
Extensor Pollicis Longus 
Extensor Indicia 
Palmaris Brevis 
Abductor Pollicis Brevis 
Flexor Pollicis Brevis 
Opponens Potlicis 
Adductor Pollicis 
Abductor Digiti Minimi (V) 

Flexor Digiti Minimi (V) 

Opponens Digiti Minimi (V) 

Lumbricales 

Interossei 

I’almar 

Dorsal , 


AVOTOR. NriWES TO Back of Lirw?. 


Levaior Stapu-lcxe 


RKombrtide 


SuLprcLsplncLt us' 

f 



Ext. Carpi Kad.L. 
Ext. Carpi Rad.Br. 
6u.pir\GLi:or 



An.coneu«> 


Ext. Dig. (Com.) 
Ext. Digiti V 
Ext. Carpi Ulnaris 


Poll. Longus 
\^Ext. Poll- Brevis 
Ext. Poll, Longus 
Ext. In-dicis 


Fio. 157. The motor distribution of the 
nerves of the back of the limb. 
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Proa. Quad. 
Pcct. Minor 3 Thenar 


Pron. Teres 
Fl. Carpi Rad. 

Palm. Long. 
j\^L Dicf. Sublira. 

Tl Dig Profur^d. 
Ft. Dig. Sublim. 





Add FolUcis 


Fl. Carpi 
Ulnaris 


/Medial 

cpicondyLe 



.Palm..Br. 0 

PislForra 


- . ^ /a 3 Hypolhcnar 

f Imepossei J ^ 

Lumbricals to <;jligit5 ^,3. Lumbricals to digits 4,5. 

Fig, 158. The motor distribution of the nerves of the front of tl^e limb. (You may find it 
profitable to compare the levels of origin of the branches in the limb you are dissecting with these 
average levels.) 




CHAPTER 7 


JOINTS OF THE UPPER LIMB 

Joints in Which the Clavicle Partakes. ‘ 

1. The Sterno-clavicular joint. 

2. The Coraco-cla\ icular ligament. 

3., The Acromio-clavicular joint. 

The movements at these three joints 
augment those of the shouhjcr joint; 
and, because the shoulder joint seldom 
acts independently of them, they, should 
be regarded as auxiliary to it. 

When you view in a preparation the 
various ligaments attachedtothe clavicle, 
you are struck by their general unity of 
direction. On consideration, you see that 
only among certain of them is there nnity 
of function. 

Unity of Diiieotion. The Subcla- 
vius--a muscle rudimentary in man — 
passes from the sternal end of the first* 
rib laterally and upwards to be attached 
to the under surface of the clavicle 
between the costo-clavicular ligament 
medially and the coraco-clavicular liga- 
ment laterally (fig. 1f>9). Indeed, these 
two ligament.s have been regarded as the 
degenerated ends of the Subclavius, and 
all three take a commoin direction. In- 
cidentally, the ligaments wide of these, 
namely, the anterior and posterior sterno- 
clavicular ligaments medially, and the 
coraco-acromial ligament laterally, share 
the common direction. Tlere, then, there 
is singleness of direction. 

Unity op Function. It is practically 
the sole duty of the clavicle to thrust the 
scapula, and with it the arm, laterally and 
backwards and to prevent it from being 
driven medially and forwards when force 
is applied to the region of the shoulder. 
Since muscles can render’ the clavicle 
little aid in, this, it places its reliance to 


*8ome extent on the bony contacts it 
makes at its ends, but mainly on two 
structures, the coraco-davicular ligament 
laterally and the articular disc medially. 
From a consideration of the direction of 
the fibers of the ligament and of "the sites 
of attachment of the disc, you will readily 
appreciate that between them and the 
claviclfl there is singleness of function; 
so much so that a fall on •the side of the 
shoulder must put a strain on the coraco- 
clavicular ligamont, on the portion of the 


lixtdrclav/lcular Uq> 



Fio. 1.59. Structures having unity of 
direction. 

clavicle medial to it, and on the articular 
disc^(/ig. lao). 

The Stemo-clavicular Joint 
Structure. The moderately enlarged 
sternal end of the clavicle articulates in 
the socket formed by the saddle-shaped 
fajet at the upper angle of the manu- 
brium and adjacent part of the 1st costal 
cartilage. The end of the clavicle rises 
above the manubrium. The two make 
an ill fit; but a strong, thick, arffcular 
disc of fibro-cartilage divides the joint 
cavity into two and overcomes the incon- 
gruities of the surfaces. The major use 
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of the disc — and this is the point*~-is to 
prevent medial displacement of the clavi- 
cle. This being s©, its attachments must 
be to the clavicle above (actually above 
and posteriorly) and to the 1st costal^ 
cartilage below. 

Strong atUcrior and posterior ligaments, 
to which the margins of the disc. arc*at- 
tachecl, strengthen the joint. 

A feeble band, the interclavicular liga- 
ment, perhaps homologous with the wish- 
ing bone of the bird, connects the two 
clavicles across the suprasternal /lotch. 

Movements and Function. As you may 
discover by palpation, movements at 
this joint allow the scapula to choose its 



Fig. ICO. Structures Imvln/j; iinitv of 
function, 

own position forwards, backwards, up- 
wards or downwards, so long as it keeps 
its distance from the sternoclavicular 
joint. Also, it allows the elavicle to 
undergo rotation during elevation *(pp. 
184, 185). 

The Costo-clavicular Ligament pa.ss(».s 
from the 1st costal cartilage to a rough 
impression below the sternal end of the 
clavicle. It becomes taut when tlie afm 
is protracted and w^hen it is raised above 
the head. It binds the clavicle to the 
thorax. 

WTien’you stoop to lift a weight, the 
lateral end ^f the clavicle sinks and its 
rnedial parl^ests on tlje 1st costal cartil- 
age, which acting as a fulcrum tends to 


cause the medial end of the clavicle to be 
levered out of its socket; but the disc 
and the anterior and posterior sterno- 
clavicular ligaments resist. 

The disc is not uncommonly found per- 
forated or destroyed (rheumatic arthritis) 
* yet the clavicle remains in its socket. 
•It is held there by other restraining in- 
fluences: (1) The anterior and posterior 
thick margins of the disc arc not^.sub- 
jected to compression, therefore they are 
not fibrOfCartilaginous but ligamentous. 
They persist. (2) A strong ligament, 
hidden. by the costo-clavicular ligament, 
runs medially from the 1st costal cartilage 
to the lower part of the medial end of the 
clavicle. (3) To move medially the clav- 
icle must mount the inclined surface of 
its socket. Doing so renders most sur- 
rounding fibers taut. 

Relations. Though the joint is pal- 
pable and apparently subcutaneous, it is 
in reality crossed by the flat tendon of the 
•sternal head of the Sterno-clcido-mastoid. 
Posteriorly, the Sl('i*no4iyoid and Sterno- 
(hvroifl f(jrm a pad of muscle that separ- 
ates the gn'at vessels and the vagus nerve 
from the joint. 

Kpiphyscs. A sealc-llke <ipiphysis ap- 
pears on the medial end of the clavicle 
about the 18th year and fuses about the 
22nd year (p. tO0. 

Nerve Supply. Kupraclavdcular nerves, 
and nerve to Sulx’.lavius. 

The Coraco-clavicular Ligament. 

Here there are no articular surfaces — • 
junction is effected by ligaments; so, the 
joint is a syndesmosis. The coraco- 
clavicular. ligament is in two parts a 
conoid and a trapezoid. (1) The Conoid 
Ligament is an inverted cone whose apex 
is attached to a roughness at the medial 
end of the coracoid process above the 
suprascapular notch. Its base is at- 
tached to the conoid tubercle at the 
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back of the udder surface of the clavicle 
where the lateral one-third of the bone, 
which is flattened, joins the medial two- 
thirds, which is triangular on section. 
(2) The Trapezoid Ligament is placed an- 
tero-laterally to the conoid ligament. It 
is three-quarters of an inch wide anfl it 
extends from a rough line on the coracoid* 
behind the occasional site of crossing of 
the ’Pectoralis Minor (fig. 160) to a 
rough line on the clavicle. 

Function. (A) Owing to their medial 
(and downward) direction, the conoid and 
trapezoid ligaments prevent the scapula 
from being driven medially; in this, only 
the Serratus Anterior renders them aid. 



ular ligament is intact, it cannot be driven 
under tli(‘ cl«viele_ 


TABLK 3 


Muscles Acting upon the Shoulder Girdle 


aiUPLB ELEVATION 

SiyPLE 

DRPBCASION 

ELEVATION WITH 
URWABD ROTATION 
OP QLENOID 
CAVITY 

DEPRESSION 
WITH DOWNWARD 
ROTATION OF 
GLP.NOID CAVITY 

PROTRACTION OR 

forward 

MOVEMENT 

• 

Trapezius 

(upper) 

Lev. Scapulae 
Serratus 

An tori or 
(upper) 1 

i 

1 

Peet. Minor 
Subclavius 
and 

Pect. Major 
Lat. Donsi 

Trapezius 
(upper) * 
Trapezius 
(lower) 
Serratus 
Anterior 

Rhomboids 
Pect. Minor 
Trapezius 
(mid.) 
and 

Pect. Major 
Lat. Dorsi 

Pect. Minor 
Lev. Soap. 
Serratus .An- 
terior 
and 

Pect. Major 


' bstraction OB • 
BACKWABD 
UOVBIIENT 


Trapezius 
(mid.) 
Rhomboids 
• and 
Lat. Dorsi 


(B) They arc the mainstay of the 
acromio-clavicular joint, and so long as 
they remain intact, %c joint may, 
indeed, undergo siibluxation, but the 
acromion cannot be driven under the 
clavicle (Jig, 161), (C) With the aid of 

muscles they suspend the scapula. 

Relations, The trapezoid band lies 
almost horizontally above the medial 
part of theiJoraco-acromial ligament. 

The Acromio-claidcular Joint 

The medial border of the acromion has 
near its tip a small oval facet which 
articulates with a similar, facet on the 
lateral end of the clavicle. The* articular 
surfaces arfe so bevelled that an injury, 


resulting in dislocation, will drive the 
acromion below the cla\dcle. Strong par- 
allel fibers form a complete capsule for 
the joint.’ A small articular disc hangs 
into the cavity from above. 

Function, (1) This joint enables the 
scapula to move vertically on the chest 
wall when the pectoral girdle rises (c.g., 
as when shrugging the shoulders) and 
fails. Were there no joint here, the in- 
ferior angle of the scapula would swing 
laterally as the clavicle rose. (2) It also 
enables the scapula, and therefore the 
glenoid cavity, to rotate forwards and 1 
backwards on the clavicle and so to face 
directions convenient to the head of the 
humerus (e.g., forwards when striking 
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a blow)®. Also, it is essential to free 
elevation of the limb (pi). I S i, 185). 

Epiphyses. TiTe acroftiial end of the 
clavicle has as a rule no epiphysis, conse- 
quently the sternal end is the more- 
actively growing end, consequently the 
medullary canal is directed laterally, J.e. 
away from the more actively growing end. 
It opens on to the posterior surface of 
the shafji. 

Xetrr Supply. C'ireumfh^x, supra- 
scapular, and j)cct(mil un vote. 



Fig. 162 . Simple elevation of aiioulder 
girdle: The suspensory muscles of the girdle. 

Relations. The joint is subcutaneous. 

The end of the clavicle, being thicker 
than the acromion, is easily felt on press- 
ing medially with a finger. It marks the 
site of the joint. Belo^v lie tJje subacro- 
mial bursa and the Supraspinatus. 

The student usually fails to appreciate 
that the apex of the coraco-acromial liga- 

* The conoidjig. checks backward gliding of 
the aefomioB u j^t the acromio-clavicular joint 
and therefor^iridening of the angle between 
clavicle and scapula; the trapezoid lig. checks 
forward gliding. 


m(‘nt is attached to the tip of the acro- 
mion immediately in front of the joint. 

Movemeiits of the Shoulder Girdle. 

1. Simple elevation of scapula: i.e., the 
scai)ula moves vertically upwards. The 
normal tone of the Trapezius (upper), 
IxH^ator Scapulat*, and Serratus Anterior 
'(uppenO is sutricient to suspend the girdle ; 
Init whim a widglit is either supported 
on the slionider or emried in the hand, 
those muscles contract actively (Jiy. 1GB). 



Ft(j lOo TIk' liijicly contraction of the 
iVctonils Mful th(j Latissiinufi save iho clavicle 
from fracture, when one falls on the out- 
slriHchcd hand. 

2. Simple depression is brought about 
by the weight of the limb. But as an 
active* movement, e.g., pressing down- 
wards or resting on parallel bars, it calls 
into action the Subclavius and Pectoralis 
Minor, which act on the gir(j[le, and the 
Pectoralis Major and Latissimus Dorsi, 
which act on the humerus {fig. 163). 

3. Elevation with upward rotation of 
Glenoid Cavity. In this movement the 
acromion rises, the superior angle of the 
scapula descends, and the inferior angle 
swings laterally {fig. 1 Git) . The Trapezius 
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(upper), Trapezius (lower), and the Ser- 
ratus Anterior combine in this rotation. 
With the sinking of the superior angle the 
Levator Scapulae lengthens; so, it be- 
comes antagonistic to the Trai:)ezius. 
This movement is almost always part of, 
a larger movement involving either* ab- 
duction or flexion of the shoulder joint, a§ 
when the hand reaches for some object 
abore the head, i.e., the entire limb is 
elevated — see pages 185 and 180. 

4. Depression with downward rotation 



Fig. 101. Elevation with upward rotation of 
the glenoid cavity. 


of Glenoid Cavity, that is, recovering 
from the last movement or overstepping 
the recovery, e.g. chopping wood, {fig. 
166). The Pectoralis Minor, ‘Rhom- 
boids, and Trapezius (especially the mid- 
dle portion) are called into play; and the 
Pectoralis JVIajor and Latissimus Dorsi, 
which act indirectly .through the hu- 
merus, give them powerful assistance. 

5. Protraction of the scapula or forward 
movement, e.g., reaching forwards, push- 
ing, hitting, or carrying the handles of 
oars forwards in rowing. The^ Serratus 
Anterior, Pectoralis Minor, and Levator 


Scapulae act together with the Pectoralis 
Major. 

6. Retraction of the scapula or back- 
ward movement, that is recovering from 
* the last movement or overstepping the 
recovery, e.g., pulling on a rope or bring- 
ing the handles of oars backwards in 
rowing. The Trapezius (middle portion) 
and the Rhomboids act with the Latis- 
simus Dorsi. . 

Observe tJiat the Rhomboids and the 
Serratus, though antagonistic in that they 
pull the scapula in opposite directions, 
‘work together in holding the vertebral 



Fig. 165 . Depression with downward rota- 
tion pf the glenoid cavity. 

border of the scapula applied to the 
thoracic 'waU. Observe also that the 
Levator Scapulae arises from transverse 
processes and therefore draws the scapula 
upwards and forwards; the Rhomboids 
arise from spinous processes and therefore 
draw it upwards and backwards. 

The Shoulder Joint 

The shoulder joint is a ball-and-socket 
joint, like the hip^joint. 

The Ball is the head of the humerus. 
It forms one-third of a sphere, and faces 
medially, upwards, and backwards; 
whereas the head of the femur forms two- 
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thirds of a sphere, and faces medially, 
upwards, and forwards. 

The Socket is tlib shalldw, pear-sliaped 
glenoid cavity of the scapula. At its 
upper end, that is, at the root of the 
coracoid process, is the supraglenoid tu- 
bercle for t })0 long h(\ad of the J^iceps. 
At its lower end, that is, on the axillary 
border of the bone, is the tri^ingular in- 
fraglenoid tubercle for the long head of 
the Triceps. Tlig playing of the tendon 
of the Subscapulms across the front of 
the socket is ix'sponsible for the ojn cav- 
ity that contributes largely to its pear- 


C-HUM- LIG. C-ACROM.LIG. 



Fig. I0<). Pectoralis Elinor tendon icpla^in^i; 
coraco-liuiYieral ligament. 


shape. A strip »)f libro-^artila;;^ , the 
lahnnn (jknoidale, runs ron?id the rim of 
the socket, deepens it somewhat, and 
makes a pliable elastic cushion for the 
ball to roll against, (cf. the cushion of a 
billiard table^. 

Movements. It is obvious that theje 
is more freedom at the shoulder joint 
than at any other joint in the body. * It is 
also obvious that the movements per- 
mitted are flexion and extension, and 
abduction ai^ adduction. And, it is not 
difficult to^atisfy gneself that the 
humerus can rotate medially and laterally 


on its own long axis. To demonstrate 
these movements of axial rotation, bend 
your elbow to a right angle (so that move- 
ments of the bones of the forearm shall 
,• not confuse), and keep the upper arm 
close to the side (so that the pectoral 
girdle shall remain stationary), then 
swing your hand first medially across 
your front and then laterally out to* the 
side; and while doing so, palpatet the 
epicondyles of your humerus noting that 
they rotate with the hand. 

Fibrous Capsule and Ligaments. To 
allow of such free movement, taut liga- 
ments must surely be wanting and the 
capsule of the joint very loose. Such is 
the case. In fact, when the shoulder 
muscles are removed, leaving the hu- 
merus attached to the scapula only by 
the capsule and ligaments, the head of the 
humerus can be drawn an inch away 
from its socket. 

llie Fibrous Capsule stretches as a 
*ioose tube from just proximal to the mar- 
gin of the gkmoid cavil y of tJic scapula 
to the anatomical nock of the humerus. 
Inlcriorly, liowc'vcr, it passes well down 
il") on to the surgical neck. When the 
arm is adducted, this lower part lies in 
folds (fir/. 171). 

The Coraco-htitueral Ligament has been 
regarded as the dix'oi ced tendon of tlie 
Pcctoralis Minor ; and certainly a por- 
tion of Mie tendon of the Pectoralis 
Minor may at times Ix' observed passing 
over the coracoid process and through 
the coraco-acron'iial ligament to blend 
with the coraco-humeral ligament {fig. 
lOV). This remark is intended to suggest 
that the Pectoralis Minor fendon and 
the coraco-humeral ligament are at- 
tached to the coracoid process approxi- 
mately in line with each other, the tendon 
teinj^ attached to the medial border of 
the horizontal portion of the coracoid 
process; the ligament to tthe lateral 
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border (fig. 168), The distal attachment supraglenoid tubercle, the inferior hand 
of the ligament is to the anatomical contributing filters to^e anterior part 
neck of the humerus teside the lesser and of the glenoid labrum en route. The 
greater tuberosities— which, note, are • middle band may stand out distinctly 
situated anteriorly and laterally — and its ^ owing to the fact that the capsular wall 
posterior fibers so blend with the capsule has giv^en way both above it and below 
that the ligament can only be distin- and so brought the subscapularis bursa 
guished from the capsule when viewed into communication with the joint cavity. 


FRINGE 


BICEPS O-ONGD 


,S. GLEN.- HUM. LIG. 

/ 
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SUBSCAPULARIS 


GLENO-HUMERAL LIGS. 


Fig. I(i7. Interior of shoulder joint (e.vposed from behind). 


from the front. Having these attach- 
ments, the ligament must resist lateral 
rotation and adduction. 

If the joint capsule be opened at the 
back [and, if necessary, the head of the 
humerus removed], a vi^w will be ob- 
tained of the synovial aspect of the 
anterior part of the capsule (figs. 107 and 
168), Thig will be seen to be thickened 
by three bands, called the superior, mid- 
dle, and inferior gleno-humeral ligaments, 
that project into the joiijt. 

The Gleno-humeral Ligaments pass pb- 
liquely from the front and. lower part of 
the anatomical neck of the * humerus 
medially airi upAvards to converge on the 


In consequence, the Subscapularis kndon 
enters into this picture. 

The superior band is slender and paral- 
lel to the Biceps tendon. 

The Long Head of the Biceps may be 
followed from the bicipital sulcus — which, 
remember, faces forwards (fig. 169 ) — 
across the front of the he^ of the hu- 
merus to its origin from the supraglenoid 
tubercle and posterior lip of the glenoid 
cavity where it constitutes the glenoid 
labrum (fig, 84) • When the humerus is 
rotated laterally, the Biceps tendon is 
carried across the summit of the bead of 
the bone. In this position it may play 
the part of an accessory ligament. The^ 
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long head of the Bieoi).s started its de- 
velopment within the capsule, , and in 
early foetal life became free (R. ]\I. 
Neale). T})e remains of its original 
mcsotcaidoii is s<‘C‘Ji as a sliort synovial 
fold attacliijig ttmdon to capsule near 
the su I )i'a glenoid tubercle. 'Jlie tendon 
is l et allied in the bicipital sulcus by a 
band, the transverse humeral ligament ^ 
that spans the sulcus between the two 
tuberosities {fig. 100). 


Supra^pln.atu6 

lnfra5pmata^> ^ / Acromion 

T<zrc«> 

Coraco - ac romial 
ligament 

Cor.- hum, lig. 
Coracoid proc. 

Bleeps (long) 
and 6ap. gleno- 
humeral llg. 

5ubscapularls 
Bursa. 

Inf, and mid gleno -humeral hgs 

Fig. 16S. Scheme of shoulder joint on sagit- 
tal section (lateral view). 



. The Strength of a Joint depends on 
three main factors: 

1. Bony formation. 

2. Ligaments. 

3. Muscles. 

It is evident that for strength the 
shoulder joint depends neither on its 
bony socket ^or on ligaments, but on 
muscles. Now, of the muscles around 
the shoulder joint some are long; others 
are short. The long muscles perfo/m 
the movements; the short muscles are 
disposed closely around the head, and 
their chief function is to retain it in its 
^ socket. In this they have the assistance 
of the overh||jiging coraco-acromial arch, 
which obviously prevents upward dis- 
placement of the humerus. 


The Four Short Muscles and the Im- 
mediate Relations of the 'Joint. The 
short muscles round the joint are the 
Teres Minor and the Infraspinatus be- 
hind, the Supraspinatus above, and the 
• Subscapulai-is in front (/?{/. 170). Their 
tendons are intimately blended with the 
capsule. The tendons of these four mus- 
cles are in a sense accessory ligaments. 
They are not howevci- i)assivc ligaments, 
but ligannaits active and alert in virtue 
of the fact that (^ach has muscle fibers 
attaclied to its proximal end. They arc 
ligaments under control {fig. 171). 

Below, there is no supporting short 
mus(^l(v -no alert ligament, but loose un- 
supported capsule and the (piadraiigiilar 
space. Aiitl through this space pass the 
circumllex nerve, which supplies the Del- 
toid and dVres Minor, and the posterior 
humeral (‘ircumflex artery. 

Wlicn th(‘ inimcrus is abducted, the 
^lonjy head of tlu^ Tricei)s and th(^ Teres 
Major coiiK' into contact with the cap- 
sule ])elo^\^ 

T.yiiig snl(‘ by side on the insertion of 
the 8ubsca[)ularis, M.nd tlierefore close to 
lli(‘ joint, arc (1) the neuro-vascular 
bundle (i.e., the contents of the axillary 
sheath), (2) the ( an'aco-brachialis, and 
(3) the short liead of the Biceps which in 
turn lies side by side with the long liead. 

Bursae. The bnidon of the Subscap- 
ularis plays in its groove on the anterior 
border of the^gl(*noid (cavity, where it 
rccpiires a bursa, the siibscapularis bursae 
to facilitate its play. Here, at tlie site 
of friction, bursal wall and joint capsule 
break down with the result, that their,, 
cavities come into communication with 
each other above and below the middle 
gleno-humeral })and. This explains why 
the Subscapularis tendon can be seen 
when the joint is o[)ened behind. 

The Biceps tendon requires a tubular 
bursa or synovial sheath to lubricate it 



’THB UPPER LIMB 


181 


where it plays in the upper two inches of 
the bicipital sulcus (Jig. 172). 

The Svbacromial Bursa (Jig. 171) lies 
between the acromion and the Supra- 
spinatus tendon, and it extends down- 
wards between the Deltoid and the 
greater tuberosity. Tlow far down- 
wards? As far as is necessary; that is 
to say, it covers thf^ i)art of the greater 
tuberosity that passes imdcr the acro- 
mion during abduction of the humerus. 



Fig. 169, Upper end of humerus (front view). 
Long tendon of Biceps and transverse liga- 
ment. 



SUBSCAR 

Fig. 170. Insertions of the four short 
muscles that act as * ‘accessory ligaments" of 
the shoulder joint viewed from above. 

The subacromial bursa is closest to 
the synovial capsule of ^ the joint at the 
anterior border of the Supraspinatus. 

As the result of wearing away of the Supra- 
spinatus tendon and underlying capsule, it is 
by no means uncommon for the subacromial 
bursa to be in wide-open communication with 
the synovial cavity of the shoulder joint. 
Fig. 173 represents an advanced stage of this 
condition. In the initial stages there is a 
nodular overgrowth of bone in the region of the 
greater tuberosity and an associated fraying 
of the capsufe. Perforation follows. As the 


condition advances the soft tissues disappear 
from under the acromion; it becomes bare. 
Eburnatibn of thef contactf^urfaccs of humerus 
and acromion may follow. The intracapsular 
part of the long tendon of the Biceps becomes 
frayed — even worn away — leaving it adherent 



'Acromion. 


Q aadrang u.lar 
space 

Teres Major 
Triceps (long) 



Deltoid 


Fig. 171. A youjig shoulder joint on coronal 
section. Observe (a) the upper epiphyseal 
plate; (b) the circumfle.x (axillary) nerve in 
the quadrangular space and also 2^ below the 
acromion; (c) the capsule in folds inferiorly 
during adduction; and (d) the bursa which is 
both subacromial and subdeltoid. 


COR-ACROM. LIG. 



Fig. 172. Synovial capsule of shoulder, dis- 
tended. 

to the bicipital sulcus. Of 79 dissecting room 
specimens of proved age, none of the 16 under 
fifty years was perforated; but 3 of. the 17 
between fifty and sixty years, and 16 of the 46 
over sixty were perforated. The condition' is 
usually bilateral. 
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The Coraco -acromial Arch is formed 
the coraeoid, t^p coraco-acromial liga- 
ment, and die aemmion (Jigs. 17/^^ X75). 
The ligament is triangular; its apex is 
attached to the tip of the acromion an- 
terior to the acromio-clavicular joint; its 
bas(' is attached to the latei'al bordcf of 
tJu^ coracoid process. 

Tlie Pectoralis JMinor nfay pierce the 
middle •part of tlie ligament (fig. UKi) 




Fig. 173. 'J"he supraspiriatus tendon and the 
underlying capsule arc commonly worn 
through (see text). 

Avhieli is usually weak, in which case the 
ligament is V-shaped. The arch, Avith 
the subjacent subacromial bursa, forms a 
resilient secondary socket for the head* of 
the liumerus, preventing its upward dis- 
placement. The coraco-acromial arch 
does not lie on the arc of a circle centered 
on the glenoid cavity but is further from 
it behind thiSh in front (fig, 174), Now, 
when the arm is abducted to a right 
angle, tlie greater tuberosity of the hu- 


merus impinges on the outer edge of the 
coraco-acromial arch, and it is easily ob- 
served, by following the course of the 
lateral epicondylc, that on raising the 
arm still higher above the head, the 
hunieriis automatically rotates laterally. 
Thus is accommodation for the greater 
tuberosity found under the acromion. It 
is to allow^ of this movement that the 
subacromial bursa is so extensive. 

The Epiphyseal Lines are shown in 
tlie skctdies (Jig. 176). The epiphyseal 
line of the coracoid process crosses the 



Fig. 174. The coraco-acromial arch. (After 
C. P, Martin.) 

upper part of the glenoid cavity. The 
supraglenoid tubercle is, therefore, mor- 
phologically part of the coracoid proc- 
ess. Union occurs during the 15th year. 

The upper epiphysis of the humerus 
rests on the spike-like end of the diaph- 
ysis. The epiphyseal line lies at the 
upper limit of the surgical neck and enters 
the joint cavity* medially. The uppier 
epiphysis of the humerus is an amalgama- 
tion of 3 smaller epiphyses: a pressure 
epiphysis for the head which appears 
during the ist year, and 2 traction 
epiphyseS, one for the greater tuberosity 
(3rd year), the other for the lesser 
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tuberosity (6th year). All three fuse 
together before the 7th year, and the 
resulting single mass fuses with the sl^ft 
about the 19th year. 

Correct Orientation of Scapula and 
Humerus. The Humerus is to be held 
vertically, the lessor tuberosity and 'the 
bicipital sulcus facing forwards, and tlie* 
greater tuberosity laterally. Note that 
the lateral epicondyle and the greater 
tuberosity face the same direction, and, 


Suprotscapu.lai Corcxco — 

lig. acronxCal lig. 



fiiiKer-shaped coracoid process. (Sec fig. 58.) 

therefore, that in the living subject the 
one will serve to indicate the pos/tion of 
the other. The backwardly tilted head 
is somewhat behind the line of the medial 
epicondyle.. 

The Scapula, it must be remembered, 
is applied to the upper part of a barrel- 
shaped thorax. Hence, its axillary bor- 
der slopes backwards and is not vertical, 
as commonly depicted. The tip of the 
coracoid lies 1^" supero-medial to the 
lesser tuberosity of the humerus. 


If you cannot orient these bones cor- 
rectly, you cannot understand: (a) how 
the Teres Major can acl as extensor, (b) 
why the head of a dislocated humerus 
almost of necessity passes to the ventral 
aspect of the scapula, (c) why the coraco- 
humeraf ligament is taut in lateral rota- 
tion and in adduction, (d) why the long 
tondon of the l^icops can abduct onl^ 
during lateral rotation. 

Muscles Acting on the Shoulder Joint. 
All muscles passing from the clavicle and 
scapula to the humerus must act upon the 
shoulder joint; and those passing from 
th(^ trunk to the humerus must act on 
the shoulder joiqit and also on the joints 



Fio. 1 76. Epiphyses about the shoulder 
joint. 


of the clavicle (joints of the pectoral 
girdle). From your knowledge of the 
bony attachments of tlicse muscles and 
of the correct orientation of the bones, 
you will find you are able without much 
difficulty to apportion to each muscle its 
proper actions or action and to gauge the 
relative importance of each. Test your 
knowledge of the actions of the muscles 
cix)ssing the joint by entering their names 
in what you estimate to be the appro- 
priate columns of the blank table; then 
compare your list with the one appended. 

Note that the sternal fibers of the 
Pectoralis Major bring the humerus 
from the raised to the dependent pojsi- 
tion; that the long head of the Biceps 
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can abduct, if at all, only while the arm 7th, 8th, and 1st control extension, ad- 
is laterally rotated, as only then does its duction, and medial rotation. There- 
tendon cross the'summif of the head of fora, if the 6th and 6th segments be 
the humerus; that the Teres Major is a paralyzed, the arm will come to occupy 
powerful muscle — the sectional area of its the extended, adducted, and medially 
fleshy belly is almost as large as that of , rotated position — described as the “po- 
the Biceps; that the long head of ihe sitibn of a waiter taking a tip”. 


TABLE 4 


FLEXOR 

EXTENaona 

ADDUCTORfl 

ADDCCTOB8 

USD. ROTATORS 

LAT. ROTATORS 

% 

• 

t 

• 

t 




TABLE 5 

MuscUi Acting on the Shoulder Joint with Their Approximate Spinal Nerve Segmente 


* FLEXION 


EXTXKAION 


ABDUCnCN 

! 

Deltoid (clav.) 
Supraspinatus 

Pect. Major (clav.) 
Biceps 

Coraco-brachialis 

5, 

5, 6 

6, 6 

6, 6 

7 

Deltoid (postr.) 
Pect. Major (st.) 
Teres Major 
] Lat. Dorsi * 

Triceps (long.) 

5, 6 

7, 8, 1 
5, 6 

7, 8 

7, 8 

Deltoid (mid.) 
Supraspinatus 

5, 6 
5, 6 

5, 6 (7) 


6, 0, 7, 8, 1 


5, 6 


ADDUCTION 


MED. ROTATE 

r 

1- 

XaAT. botatv. 

1 


Deltoid (postr.) 

Pect. Major (cl.) 

Pect. Major (at.) 
Coraco-brach. 

Teres Major 

Lat. Dorsi 

Triceps (long.) 

6, 6 : 

5, 6 i 

7, 8, i;| 

5. 6 „ 
7.8 ,i 
7. 8 !| 

[I 

1 .Deltoid (clav.) 

Pect. Major (cl.) 
Pect. Major (st.) 
Subscapularis 

Teres Major 

Lat. Dorsi 

5. 6 

6, 6 

7, 8, 1 
6, 6 

6, 6 

8 

, 

Deltoid (postr.) 
Infraspinatus 

Teres Minor 

6, 6 

5, 6 

5, 6 

6, 6, 7, S, 1 

ii 

6. 6, 7, 8, 1 


5, 6 



Triceps can extend the shoulder only 
when the arm is abducted, for when fully 
adducted its fibers are too slack; that 
the Supraspinatus ha.<not the power to 
raise the arm when the Deltoid is par- 
alyzed. 

Reference to the table makes it evident 
that the 5tl^and 6th spinal nerv^e seg- 
ments control flexion, abduction, and 
lateral rotation, and that the 5th, 6th, 


Nerve Supply': suprascapular (C. 

()), circumflex (C. 5, 6), and the nerves 
to the Subscapularis and the Teres Major 

(ar,, 6).. 

The slioulder joint rarely acts with- 
out the assistance of the joints of the 
pectoral girdle, which may therefore be 
regarded as auxiliary to it. 

Elevation of the Upper Limb. The 
upper limb moves through 480 degrees 
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when it is raised from the dependent 
position to a vertical position above the 
head. This vertical position can be at- 
tained either through forward flexion or 
through abduction. In this movement 
the sterno-clavicular, acromio-claviculary* 
and shoulder joints take part simul- 
taneously. Inman, Saundeis, and Ab- 
bott* have recently shown that during 
the initial 30 to 60 degrees of elevation, 
either the scapula remains fixed and the 
humerus moves or else the scapula moves 
(it may be laterally or medially) until 
it finds a position of stability with 
reference to the humerus. Thereafter 
the humerus and scapula move in the 
ratio of 2:1; thus, between 30 and 170 
degrees of elevation for every 15 degrees 
of motion, 10 occur at the shoulder joint 
and 5 are due to rotation of the scapula. 
The total range of the shoulder joint 
movement is 120 degrees and that of the 
scapula 60 degrees. • 

The humerus can move through a right 
angle, if the scapula is held fixed, but its 
power is diminished by a third. For full 
elevation of the limb the humerus must 
undergo lateral^ rotation, as mentioned 
already. 

The scapula rotates with the permis- 
sion of the clavicular joints. Thus, the 
initial movement of the scapula is permit- 
ted by the acromio-clavicular joint; 
then, whilst the humerus is rising, the. 
clavicle rises too, movement taking place 
(as you can determine^ by palpation of 
your own clavicle) at the sterno-clavicular 
joint until 90 degrees of elevation are 
reached; and, finally, after 135 degrees 
the acromio-clavicular* joint comes into 
motion again. The total range of move- 
ment of the acromio-claviculaj* joint is 
about 20 degrees, and for this the clavicle 

* Obeervationa on the Function of the 
Shoulder Joint, Journal of Bone and Joint 
Surgery, VoI.*aXVI, January, 1944. 


must be allowed to rotate on its own long 
axis, otherwise elevatinn-is restricted to 
110 degrees. This was determined^ by 
driving a pin into the clavicle of a living 
subject and manually preventing rota- 
tion. ^ 

•Muscle Force Couples. (1) The Ab- 

ductars and Flexors of the Humerus. The 
Supraspinat^ls and the Deltoid act fb- 
gether and progressively in elevating the 
arm. A study of actioiu potential curves 
(p. 28) shows clearly that the Supra- 
^spinatus does not initiate abduction, as 
is commonly taught, But »that both 
muscles act together throughout the 
entire range of* movement. These ele- 
vator muscles, however, are helpless to 
move the arm away from the side unless 
the 3 short depressors— Subscapularis, 
Infraspinatus, and Teres Minor — are in 
action. These two groups of muscles act 
as a force co*uplo, the one elevating and 
the other depressing. Indeed, at 60 de- 
grees of elevation the depressors are ac- 
tually exerting a greater pull than the 
elevators, but beyond 90 degrees the force 
fails rapidly. 

The clavicular head of the Pectoralis 
Major works synchronously with the 
anterior part of the Deltoid in flexion 
but, being an adductor, it cannot help 
in abduction. 

TJ^ie Deltoid exhibits its greatest ac- 
tivit}^ between 90 and 180 degrees. 

{2) The Scapular Rotators. The upper 
part of the Trapezius, the Levator 
Scapulae, and the upper part of the 
Serratus Anterior act as a functional unit. 
They exhibit an action current potential 
whilst the limb is at rest because they 
are passively suspending the limb. They 
also actively elevate the shoulder region, 
and they constitute the upper component 
of the force couple necessary to the 
rotation of the scdpula. 

The lower parts of the Trapezius ^nd 
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Serratus Anterior constitute the lower 
component of tljg^ rotary force couple. 
The lower part of the Trapezius is more 
active in abduction; it relaxes somewhat 
in flexion to allow the Serratus to draw 
the scapula forwards. ^ 

The middle fibres of the Trapezius and 
the Rhomboids serve to steady the 
scapula during abduction. • 

• 

The Elbow Joint 

The elbow joint is a hinge or yinglymus 
joint, for it allows only flexion ahd ex- 
tension. With' it, for reasons that will* 
become apparent, the superior radio- 
ulnar joint must he considered. Tlierc 


e. The medial and lateral bony sur- 
faces will be palpable. 

Bones Concerned. The Humero-ul- 
NAii Parts. The Lower End of the Hu- 
merus is flattened from before backwards 
•and is set obliquely, being lower medially 
than laterally. It lies on a plane an- 
terior to the body of the bone and 
possesses a spool-shaped pulley urtth 
sharp edges, the trochlea. The trochlea 
leads in front to a depression, the coro- 
)ioid fossa^imd behind to a broad triangu- 
lar hollow, the olecranon fossa. 

The Upper end of the Vina presents a 
triangular bracket, the coronoid process^ 
which projects forwards (fig. 177). The 




Fig. 177. U]>per end of ulna. 


aj'e, in fact, here three joints with one 
synovial cavity — the humero-ulnar, hu- 
mero-radial, and superior radio-ulnar 
joints (Jig, 179). 

The elbow joint being a hinge joinl, 
the following general characters may 
reasonably be expected: 

a. One bony surface will be convex, 
the other concave. 

b. The muscles will be massed in frejnt 
and behind in order to flex and extend. 

c. The capsule will be loose in front 
and loose behind in order to allow of 
flexion and extension. 

d. Strongjj^Uateral ligaments will be 
required to prevent medial and lateral 
movements. 


portion of the ulna continued upwards 
beyond the level of the coronoid process 
is cubical, the olecranon. If there were 
no coronoid process, there would be no 
occasion to refer to the olecranon except 
as the upper end of the body. Now, the 
anterior aspect of the olecranon and the 
superior aspect of the coronoid process 
articulate with the trochlea of the hu- 
merus ; hence, they form not alight angled 
surface but d epneavity, the trochlear 
(semilunar) notch. This notch is recip- 
rocally saddle-shaped for the trochlea 
with which it articulates, being, of course, 
concave from before backwards and con- 
vex frono side to side. A rounded ridge, 
which extends from the tipi^of the ole- 
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cranon to the tip of the coronoid process, 
divides the notch into right and left 
portions; and non-articular indentations, 
indicating where at the time of birth the 
cartilaginous olecranon united with the 
body, partly divide the notch into upper* 
and lower portions. Thus, the trochlea^ 
notch has four quadrants. 

The hinder part of the upper surface 
of the olecranon is commonly prolonged 
into a crest by the tendon of tlje Triceps. 

Posteriorly, the olecranon presents a 
triangular, subcutaneous surface at the 
apex of which the sharp, posterior border 
of the body begins. This surface is 
overlaid by the subcutaneous olecranon 
bursa. 

It is (evident that a Iransvcnsc fractuni 
of the olecranon will bring the joint cav- 
ity and the bursal cavity .into com- 
munication with each other, and that 
both cavities may be distended with 
l)lood poured out from the broken ends# 
of the bone (jig. 178). 

The medial surfaces of tlui coronoid 
process and f)lecranon merge into the 
medial surfa(*e of the body and like it 
afford fleshy origin for the Flexor Digi- 
torum Profundus. 

The lateral surface of the coronoid 
process is a concave facet, called the ra- 
dial notch of the ulna, from whose ends 
t wo lines descend to meet in the interos- 
seous border of the bone. Tlie triangular ' 
dei)ression, enclosed, accomnuxlates the 
(bicipital) tuberosity of the radius and 
the Biceps tendon during full pronation 
of the forearm. The Supinator in part 
arises from* this depression as well as 
from the line bounding it behind. The 
Anconeus is inserted into the lateral sur- 
face of the olecranon as well as into the 
posterior surface of the bone^ far down 
as the oblique line. 

The Bracfaialis tendon is inserted into 
the anterior surface of the coronoid proc- 


ess, where it produces a rough area, the 
tuberosity of the ulna.^ 

The Humero-radial Parts. The up- 
per concave surface of the disc-shaped 
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head of the radius rotates On the lower as- 
pect of the distal end of the humerus 
diuirig extension and on the interior as- 
pect during flejfion. This demands the 
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presence on the lower and anterior aspects 
of the distal enck^of the. humerus of a 
rounded articular capiivhmi or little 
head. Poste?iorly, the capitulum is non- 
articular. Above and laterally, it merges 
with the lateral epicondyle. The rim of 
the upper surface of the disc-like he&d 
J)la 3 ^s upon the lateral lip of the spool- 
shaped trochlea which, tlieTcfore, helps 
to preveht medial displacement of the 
radius {Juj. 179). J during full flexion the 
rim occupies the radial fossa of the hu- 
merus. 

The Proximal Radio -ulnar Joint. The 

head of the radius is held in position 
the annular ligament, which is attached 



Fio. ISO. Socket for bead of radius fkud 
trochlear notch (from above). 


to the ends of the radial noieli ol tlie 
ulna. The notch forms one-fourth of a 
circle; the ligament thj'ee-f(}urrh>. '^Ihe 
ligament is not strictly speaking annular, 
bdt rather .it is (aj[)-shaped, being of 
smaller circumference below than above 
{fig. J80). In consequence, the head of 
the radius cannot be withdrawn from 
the cup. 

Before the age of seven, the head of tfic 
radius is hardly larger than the neck; so, 
sudden traction on a child’s hand or 
forearm, as when pulling it out of the 
way of a pq^JsiAg motor car, may result 
in partial dJftocation of the radius down- 
wards. 

Lig^ents wd Capsule. The Lateral 


{radial collateral) Ligament of the elbow 
joint is fan-shaped. It extends from 
lateral epicondyle to the side of the 
annular ligament ; so, indirectly it helps to 
retain the head of the radius in position. 
Frorp it the Supinator and the Extensor 
Carpi Radialis Brevis in part arise. The 
lateral ligament would, indeed, seem to 
be the original tendon of origin of ihe 
Supinator detached to form a ligament. 

T/ic Medial {ulnar collateral) Ligament 
of the elbow joint extends in a fan-shaped 
manner from the lower part of the medial 
epicondyle to the medial margin of the 
trochlear notch. The humeral attach- 
ment is not quite centrally placed, but is 
so spread out that the posterior fibers are 
taut in flexion; the anterior in extension 
{fig. 181). The anterior fibers form a 
thick cord that is ‘attached to a tubercle 
on the medial side of the coronoid. From 
this cord, as well as from the humerus at 
one end and the coronoid at the other, the 
FI. Digitorum Sublimis in part arises. 
It would, indeed, seem that this cord was 
Sublirnis tendon modified to form a 
]igaiii(‘nt. Soine fibers stretch Iraiis- 
v(‘rscl.v fiom the inedia^ border of the 
♦ nioiioid to the medial border of the ole- 
cranon and serve to dcci)en the trochlear 
notch medially. 

The Fibrous Capsule occupies the inter- 
vals between the medial and lateral lig- 
aments and therefore has an anterior and 
a posterior portion. It extends to the 
upper margins of the coronoid and radial 
fossae in front, but not quite to the top 
of the olecranon fossa behind. Below, it 
is attached to the margins of Che trochlear 
notch except laterally where it is at- 
tached to the annular ligament. 

The Sgnovial Capsule does not /each 
so high in the radial, coronoid, and ole- 
cranon fossae as the fibrous capsule. 
The intei'vals between the two capsules in 
these regions are filled with i'at, fluid at 
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body temperature, and know n as Haver- 
sian glands. Below, however, the syno- 
vial capsule bulges a (juarter of an inch 
below the lower free margin of the annu- 
lar ligament and surrounds the neck of 
the radius in a sac-like manner {juj. 1§2). * 
This device obviously allows the ladius 
to rotate without tearing the synovial 
membrane. Redundant Jold.^ of synovial 
membrane project into this joint - - as they 
do into other joints and assist the Hav- 
ersian glands to fill tlie unoc.(;iipied spaces. 
Two of these synovial folds overlie the 
nonarticular indentations between the 
olecranon and the coroiioid process; and 



Fig. 181. Medial ligament of elbow joint. 

• 

an extensive crescentic, fold o(;cupies the’ 
angular interval betw een the head of the 
radius and the capitulum of the humerus. 
This fold, in fact, overlies the periphery 
of the upper surface of the head of the 
radius just as a semilunar cartilage over- 
lies a condyle of the tibia. 

Movements. Bringing the Hand to 
the Mouth, The medial lip of the trochlea 
of the humerus descends 5-6 mm. lower 
than the laiteral lip; for the lower end of 
the humerus is oblique. On account of 
this obliquity you^will observe that when 
your elbow is extended the humerus and 
ulna do not lie in line with.^one another 
but meet at an angle 'which opens 
laterally. This is known as ihi carrying 
angle. 


When your elbow is fully flexed your 
hand is carried to your mouth. This 
is to be atrributed to the medial rota- 
tion of the humerus at the shoulder joint 
which normally accompanies flexion of 
the elbow% and not to the obliquity of 
the hinge; for it may be seen that the 
medial lip of the trochlea also projects 
forward abotit 5 mm. in advance of 
the lateral lip; therefore, though the 
humero-ulnar joint may be called a hinge 
joint, the ulna does not move on the 
trochlea like a door on a hinge, but rather 
it revolves on a cone. As a result the 



Fio. 18^. Synovial capsule of elbow joint, 
distended. 

distal end of the ulna remains lateral to 
the hume]i:us in the flexed as well as in the 
extended position. 

Muscles. Of the 3 flexors {Jig. 1 11) ol 
the humcro-radial joint 2 act also on the 
radio-ulnar joints; tlic Biceps acts as a 
supinator and the Bronaior Teres as a 
pronator; but the Brachto-radialis has 
no action on the radio-ulnar joints 
(Bcevor). lOach of the tliree is supplied^ 
by a dift’erent nerve. 

The Brachio-radialis, though • supplied 
by the radial nerve, is a ‘powerful flexor 
of the elbow’^ joint on account of the fact 
that it creeps up \he humerus almost to 
the insertion of the Deltoid and is there- 
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fore far removed from the axis of the 
joint {jig. 18S). J^von af^er the museulo- 



Fig. 1S3. As a tlexor of the elbow joint, the 
Urachio-radialis is more advantageously situ- 
ated than the Pronator Teres 
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Fig. 181. Cross section through elbow joint. 


TABLE G 


Muscles Acting on the Elbow Joint 


•tJBDlVlSlONB 

OP nU JOINT 

PXiBXO^ 

NERVE 

SEO- 

MENTS 

NERVE 

EXTENSORS 

NERVE 

SBO- 

MENTB 

NERVE 

Humero-ulnar 

Brachialis 

5, 6 

Musculo-cutan. 

Triceps 

Anconeus 

7,8 

Radial 

Radial 

t 

Humero-radial 

Brachio-radialis 
• Pronator Teres 

5, 6 ! 

r» ^ 
G 

Muse ulo-cu tan. ■ 
Radial ! 

Median j 






cutaneous and median nerve^s Jkiv»‘ l)rcn 
dividc'd, the J3raehio-radialis i.s a umTu! 
flexor. But the Pronator rcri's ari.'<(*s 
close to the axis of the joint thai in cases 
of musculo-cutaneous and radial i^prvo 
])aralysis it is incapable of raising*; tin* 
hand to the mouth. F or the saint* reason 
the muscles arising from the epicondylo'^ 
have but little action on the elbow joint. 

The optimum carrying iiosition (e.g., 
the position ^in which you would instiAc- 
tivel.y carry your coat over your arm) is 
one in which the elbow is flexed to just 
less than a right angle and is semi-.supi- 
nated. In this position the articular sur- 
faces ’of tli||i^ joint are in mo.st perfect 
coaptation and the Biceps, which supi- 
nates before it flexes, comes into action. 


'The chief flexor of the elbow joint is 
the Bracfiialis. Like the Triceps it acts 
upon the huracro-ulnar joint. 

The common use of the Triceps is not 
so much to extent the elbow as to pre- 
vent flexion of the elbow,- or to regulate 
flexion, as in pushing a wheelbarrow. 

Flexion is more powerful than exten- 
sion in the ratio of 14:9. 

Relations, Muscles, nerves, and ves- 
sels (Jig. IS/f). The Brachialis, though 
thick in the middle, is thin and attenu- 
ated at its edges. In consequence, the 
musculo-cutaneous nerve, which lies an- 
terior to the middle of the muscle, is far 
removed from the joint; but the median 
and radial nerves are separated from the 
joint capsule merely by the' thinness of 
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the edges of the Brachialis; the radial 
nerve being, as a rule, in direct contact 
with the capsule. The ulnar nerve is 
always in immediate contact with the 
medial ligament and it is covered by FI. 
Carpi Ulnaris. The nerve to the An- 
coneus crosses the capsule behind the 
lateral epicondyle. The other muscle 
relations* are indicated in the diagram; 
but, ‘Vnless the points are verified in a 
dissected part, the diagram will be of 
little service. • 



The anastomoses around the joint are 
shown in the diagram {fig. 185). They 
are very ample. 

The Epiphyses. Humerus: The epi- 
physeal line separating the trochlea, 
capitulum, and lateral epicondyle from 
the diaphysis runs transversely just above 
the articular cartilage. ’ It is, therefore, 
within the synovial capsule (Jig. 186). 
The medial epicondyle fuses with a spur 
of bone that descends from the diaphysis 
and separates it from the lower epiphysis 
proper. 


Ulna: The upper epiphysis is a trac- 
tion epiphysis of the Triceps. It may 
be a mere scalfe or it may include the 
upper third of the olecranon. 

Radius: The upper epiphyseal line lies 
^ just below the head except medially 
where it shaves it. It is altogether in- 
tras 3 rnovial. 

Nerve Supply : musculo-cutaneous, me- 
dian, ulnar, and radial; in fact, .each of 
the five nerves shown in fig. 184, includ- 
ing the nerve to the Anconeus, sends 
twigs to the joint. 



LATE E^ARLY ' ‘ • 

Fig. iso. Epiphyses: appearing times and 
fusing times are given in years. 


The Radio -ulnar Jdints 

The two bones of the forearm are 
united at the proximal, “intermediate’', 
and distal radio-ulnar joints. 

The Proximal Radio -ulnar Joint was 
considered with the elbow joint (p. 188) 
because (a) they have a common synovial 
cavity, (b) the lateral ligament of the el- 
bow ’joint is attached to the annular liga- 
ment of the radio-ulnar joint, and (c) 
the shape of the capitulum of the hu- 
merus is determined equally by flexion 
and extension of the elbow joint and by 
prpnation and supination of the radio- 
ulnar joints. * * 

The Intermediate Radio-ulnar Joint. 
The bodies of the radius and ulna arc 
united to each other by three portions of 
fibrous tissue: (1) the oblique cord, (2) 
the interosseous inembrane, and (3) the 
posterior layer of the fascia enveloping 
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the Pronator Qiiadratns. It is, there- 
fore, a syndesmosis (syn = with; des- 
mos = a thread^. 



Fig. 187. Superior and inferior radio-ulnar 
joints comparea. (1) Bond of union — annular 
Jig. or articular disc. (2) Turned surface — 
disc or half disc (head). (3) Phnphyseal line 
enters joint cavity. (4) Sac-like protrusion 
of synovial membrane. (5) Bone — circular on 
section (6) Interosseous border— rouj^. 

(7) Bone — ti^ingular on section. (8) Trian- 
ular area formed by splitting of interosseous 
order. (9) Notch —ulnar notch of radius or 
radial notch of ulna. 


The Oblique Cord. This unimportant 
strand extends from the tuberosity of the 
ulna infero-latcrally to below the tu- 
berosity of the radius. It is rej^arded 
as a relic of the P^lexor Pollicis Lonj^us. 

The InieroHScous Membrane, beirifi; the 
medium which transfers to the ulna the 
force of an impact travelling up the ra- 
dius, must liave its fibers directed in- 
fero-medially, and must be strong. It 
is best marked at the middle two-fourths 
of both bones. It is responsible for the 
roughiK^ss of their interosseous borders. 
It is taut when the forearm is midw^ay 
between pronation and supination. 

The Posterior Layer of the Fn.^eia en- 
veloping the Pronator Quadratus is much 
thicker Ilian the anterior layer, and it is 
coniinuous above with the interosseous 
membrane. Helow', it follows the hinder 
of tlie two liii(*s into which the interosse- 
ous border of tlie radius splits above the 
ulnar notch. It is composed of inter- 
lacing areolar tissue' fibers and has not 
much strength. 

The Distal Radio-ulnar Joint in some 
degrcH^ duplicates the design of the proxi- 
mal joint {Jig. IS7). Thus, (a) the head 
of the ulna forms half a cup-shaped disc; 
(b; its surface and its margin are articu- 
lar; (c) it is only slightly, if at all, w^eight- 
b(‘aj‘ing ; (d) the epiphyseal line enters the 
joint; (e) the ulnar notch of the radius 
rotates around it. (f) A sac-like redun- 
daiK'v of synovial membrane extends for 
a qua'rti'r of an inch above the joint to 
allow of rotation. 

In contrast, note (a) that the radius 
does not throw, an annulg^r ligament 
around the head, of the ulna, but it is 
firmly united to the ulna by a triangular 
plate of fibro-cartilage, the articular disc] 
ami (b) that though the proximal radio- 
ulnar joint . has a common synovial 
cavity with the elbow joint, the distal 
joint is excluded from the "wrist joint. 
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The under surface of the semicircular 
head of the ulna has a semilunar facet for 
the articular disc to play on, and within 
the concavity of the scmihin(% at the root 
of the styloid process, there is a fovea or 
pit To this pit the apex of^the articular , 
disc, which necessarily is pliable) is 
attached by fibrous (ligamentous) tissue;’ 
the base of the disc- is attached to the 
lowe? margin of the ulnar notch of the 
radius. The anterior and posterior liga- 
ments of the joint are lax to ‘allow the 
radius to rotate on the ulna. 

Relations. In front lies the* Flexor 
Digitorum Profundus; behind lies the 
Extensor Digiti Minimi. 


or a pivot or a trochoid joint. The only 
other joint in the body that in any way 
resembles it is*the joint where the dens 
of the axis rotates in a ring formed by the 
atlas and its transverse ligament. 

The value of the radio-ulnar joints de- 
pends upon the fact that the hand rotates 
with the radius following its excursions. 
* Obsekvatjon. When your elbow is 
flexed to a right angle and applied closely 
to the side of your body, so as to eliminate 
shoulder movements, your hand can be 
rotated through nearly two right angles. 
When your shoulder is tabducted and 
your elbow extended, as in fencing, your 
hand can be roti^ted through nearly three 


TABLE 7 

Muscles Acting upon the Radio-ulnar Joints and Their Nerves and Nerve Segments 


PRONATOKS 

SEOMKNT 

NERVE 

BUPINATOBS 

SEGMENT 

NEBVB 

• 

Pronator Quad- 
ratus 

(7), 8, 1 

Anterior In- 
terosseous 

Supinator 

6, 6 

Posterior Interos- 
seous 

Pronator Teres 

G 

1 Median 

Biceps 

» 

2* dorsal muscles 
of the thumb 

5, 6 

Muse ulo-cutane- 
ous 

Fi. Carpi Radialis 

h 1 

1 Median 

(6). 7, (8) 

Posterior Inter- 
osseous 


* The Ex. Poll, l^revis arises from the radius and therefore cannot assist in rotation. 


Tnv: Low i:h Eriru ysk.al PiiA'rKS of 

t 

the radius and ulna lie on the same plane 
and cAit into the distal radio-ulnar joint; 
that of the radius passes through the 
dorsal radial tubercle. The attachment 
of the Brachio-radialis is to the diaphysis. 

The radial epiphysis begins to ossify at 
(1)2 years ; and unites with the diaphysis 
at (18) 19 years. 

The ulnar epiphysis ’begins to ossify 
at (5) 6 years; and unites with the diaphy- 
sis at (17) 19 years. 

Movements. The axis on which the 
radius revolves about the ulna during 
pronation and supination, passes through 
the capitulum of the humerus and the pit 
at the lower end of the ulnai to which the 
articular disc is attached (fig. 187). The 
joint may be called a lateral hinge joint 


right angles. The movements of pro- 
nation ai^d supination of the radio-ulnar 
joints under these circumstances augment 
the axial rotation of the shoulder joint. 

Nerve. Supply: the proximal joint 
by the nerves to the lateral part of the 
elbow joint; the distal joint by the 
anterior and posterior interosseous nn. 

The Wrist Joint or Radio -carpal Joint. 

Observations You can easily ob- 
sejve on your own limb that the move- 
ments permitted at the radio-carpal joint 
are: flexion or pahnar-floxion, extension or 
dorsi-flexion, adduction or ulnar-flexion, 
and abduction or radial-flexion. These 
together comprise the movement of cir- 
cumduction. The* articulation is, there- 
fore, a condyloid or knuckle-like joint; 
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i.e., the same movements are permitted 
as at the knuckl^. 

Flexion at the radio-carpal joint would 
seem to be of greater range than exten- 
sion, but this is a deception: extension is 
here more free than flexion. It is to the 
transverse carpal joint that the greater 
part of the flexion attributed to the wrist 
joint is in reality due. .Abduction is 
clearly more re.stricted than adduction, 
owing to the fact that the styloid process 
of the radius descends further than the 
styloid process of the ulna. 

You have here to deal not with a ^^balK' 
and socket but with an ^‘ovoid^’ and 
socket, for the articular, surfaces are not 
circular in outline but ellipsoidal, the 
wrist being compressed from before back- 



Fig. 1<SH. Circle versus ellipse. 

wards (fig. J8h'). Axial rotation with 
ellipsoidal surfaces would obviously result 
in dislocation; so, it is not i)oraiitted at 
the radio-carpal joint. But, axial rota- 
tion— or rather pronation and supina- 
tion- -occurs at the radio-uliKvr joints. 
So, the radio-carpal joint and tlie rp,dio- 
ulnar joints together dujdicate the move- 
ments of the shoulder joint; the one al- 
lowing circumduction ; the other rotation 
— and all is in the interest of the hand. 

Joint Surfaces. The socket is formed 
by the lower articular surface of the 
radius plus the articular disc. The egg- 
shaped or ellipsoidal convex surface is 
formed by the proximal articular sur- 
faces of the scaphoid, lunate, and tri- 
quetrum, pins the interosseous ligamente 
binding these three bo'nes together. Fig- 
ure 189 shows that the proximal bearing 


surfaces of the scaphoid and lunate are 
approximately equal in extent, and that 
that of the triquetrum is almost negli- 
gibly small. Figure 123 shows that, with 
the hand at rest, the facet on the upper 
surface of the triquetrum is in contact 
Avitli the medial ligament of the wrist, 
iind that the scaphoid and lunate alone 
transmit impacts from the carpus ta the 
forearm. Only in adduction docA the 
tri(liietrum come into contact Avith the 
so(;ket, artd even then it is only Avith the 
])art formed by the triangular articular 
disc. When the radius and articular 
dise rotate about the ulna, they carry 


OVOID 



I'lG. “Ovoid" ;ind socket of wrist 

jojnt. “X" marks the sites at which the disc is 
sometimes perforated and the lunate softened. 

the hand with them. This is possible 
because the carpal bones do not articulate 
Avith the ulna but Avith the disc which 
excludes the ulna from the wrist joint. 
The larticulation is, therefore, called 

i 

radio-carpal and not radio-ulnoearpal 
(fg. WO), 

It commonly happens that th^ articular disc 
and also both interosseous ligaments that take 
part in the "ovoid and socket" of the wrist 
joint, shown in fig. 189, are perforated. In 
consequence, the distal radio-ulnar joint is 
brought into communication with the wrist 
joint, and the 'wrist joint with the intercarpal 
joints. The perforation in the disc begins as 
an antero-posterior fissure, and*in time it be- 
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comes a round hole. Further, the cartilage 
of the lunate opposite the hole is usually 
softened and unhealthy. To determine in a 
dissected specimen whether the interosseous 
ligaments are perforated or not, grasp the 
scaphoid, lunate, and triquetrum individually, 
and move them backwards and forwards on 
each other. The state of affairs will then ^ 
reveal itself. 

Ligaments. "The fibers of the ante- 
rior ^nd posterior radio-carpal Hgarnenis 
are so disposed that during pronation 
and supination of the forearm ^,ho radius 
shall drag the carpal bones after it. 
They, therefore, pass obliquely infero- 
inedially from the front and back of the 
lower end of the radius to the front and 
back of the proximal row of carpal bones 
and to the capitate {fuj. 101 ). 

The extensor retinacuhmi (dorsal carpal 
lig.), actually a thickeiuid portion of the 
deep fascia (p. 11)7), may be regarded as 
a superficial layer of the posterior radio- 
carpal ligament that has been detached 
through the interposition of the extensor • 
tendons. 

The lateral and jnedial ligaments (radial 
and ulnar collateral ligs.) extend from ^ 
the tips of the styloid processes of the 
radius and ulna to the scaphoid and tri- 
quetrum respectively. 

Muscles. The muscles acting on the 
radio-carpal joint and their nerve seg- 
ments are given in Table 8. 

Actions. The flexors and extensors of 
the joint are indicated in figure 192. 

The FI. Carpi Ulnaris, which Js in- 
serted into the front of the base of meta- 
carpal V via the piso-metacarpal ligament 
(and into the hook of the hamate via the 
piso-hamate’ ligament), has a mechanical 
advantage over the Ex. Carpi Ulnaris, 
which is inserted into the tubercle on the 
side of the base of the same metacarpal, 
because in the^pisiform it possesses a 
raised moving pulley which advances it in 
front of the, transverse axis of the joint. 


The FI. Carpi Radialisy inserted into 
the fronts of the bases of metacarpals II 
and III, has a mechanicjftfladvantage over 
the Ex. Carpi Radiales (Longus et Bre- 
vis), which are inserted into the dorsal 
aspects of the bases of the same tAvo 
metacarpals because prior to occupying 
the vertical groove on the trapezium it 
crosses the tubercle of the scaphoid which 
acts as a raised though fixed pulle\% 

RADIUS // / / 



Fio. lOO. Socket for proximal row of carpala. 
Note the synovial fringes. 



Fig. 191. Anterior (or posterior) radio* 
carpal ligament. 

which advances it well in front of tlie 
joint. 

The Palmc^is Longus passes in front 
of iJbhe flexor retinaculum and is therefore 
also far in advance of the transverse axis 
of the joint. It has no pujley. 

The three important flexors are, there- 
fore^ more advantageously situated than 
the three important extensors which play 
m grooves on the Ipwer ends of the bones 
of the foreann. Flexion is more power- 
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ful than extension in the ratio of 13*5 
(Fick). 

The tendon • of liie .\hdaclor Pollicis 
LorKjtii^ is inscrt(‘(l in front of the trans- 
verse axis ()1 tfu* joint and therefore acts 
as a . Jt has the powca* to raise 

tlie liainJ of a horizontally held limb 


FLC.UL. PALM.L. FL. C. RAD. 



Fig. 1!)2. The flexors and extensors of the 
wrist joint. 


fibers here or distally. In allotting the 
tendons at tlie back of the wrist to their 
appointed iilaces, it is perhaps easiest to 
dis])()sc first of the 3 thumb muscles, be- 
cause they are conspicuous where they 
bound the snuff-box and they can be 
• trailed i)ro\iiually. (1 ) The Ex. PoUicis 
Jj())igus lies in a narrow groove medial to 
its pull(\v, th(i (iasily palpated dorsal 
radial tub(‘rclc. (2) the Ahd. P{)llzcis 
/jongtis and E.v. PoUicis Brevis lie in a 
broad slyxllow groove that completely 
covers the sifle of the styloid pro(;ess of 
the radius. Gl) the Ex. Carpi Radialis 
Long ns and Brevis groove th(' remaining 
part of the radius lateral to the dorsal 
tubercle. They (‘an b(‘ felt in (he snuff- 


TABLfi 8 


Muscles Acting on the Radio-carpal Joint and Their Nerve Segments 


FLOXION 

EXTENSION 


j ADDUCTION 

ADDUCTION 


FI. C. Ulnaris 

Is, 1 1 

Ex. Dlnaris 

7 

F)x. C. Radialis 

! 0, 7 

Ex. C. Ulnaris 

7 

FI. C. Radialis 

6 

Ex (J. Hadialis 

6, 7 

liongiis 

,Ex. [{adialis 

00 

FI. C. Ulnaris 

8, 1 

Palm. Longus, 

7, 8, 1 

Tiongurt 1 

Ex. C. Ua<lialis 

' 7 

Rrevis i 

FI. C>. IRidialis 

6 





' Uiovi< 

i 

1 

1 



Abd. Poll. Long. 

7 


1 i 

3 dorsal tendons 1 

i 7 



_j 

• 


1 ) 

' of tlic thumb 1 





even wIkmi 1lu‘ other er(‘ j*aralyze(l. 

It is also an abductor of the wri^t. 

The Relations of I In' joint me: tin* 
tenUons on the front and back of the 
wrist; the radial arterg, which after pass- 
ing deep to the Abd. PoUicis Longus and 
Ex. PoUicis Brevis crosses the lateral 
ligament; the dorsal {cutaneous) branch 
of the ulnar nerve, which after passing 
deep to the FI. Carpi Ulngjis crosses the 
medial ligament; the anterior and pos- 
terior interosseous vessels nnd nerves and 
the anterior and posterior carpal networks; 
more remotely are the ulnar vessels and 
nerve; and the median nerve. 

Teildoni^t tl\e Back of the Wrist {fig. 
193). Of course, there can bo no fleshy 



Fio. 193. Tendons at back of wrist (for 
description see te.xt). 


box when the fist is clench<; 5 d. (4) the 
Common Extensor tendons and the Ex. 
Jndicis Proprius groove the remaining 
part of the radius medial to the Ex. 
PoUicis Lrmgus. (5) the Ex. Carpi UU 
naris fills the groove b^ween the head 
and styloid process of the ulna. ^ (6) the 





.THE UPPER Ll^fB 


197 


Ex. Digiti V Proprius lies behind the in- 
ferior radio-ulnar joint. The Ex. Digiti 
V Proprius is, therefore, on the medial 
side of the common extensor tendon of the 
little finger; and it may be noted that the 
Ex. Indicis Proprius lies on the medial ^ 
side of the common extensor tendori of 
the index finger. 

Nerve Supply: Anterior interosseous 
branoh of the median, posterior inter- 
osseous brancli of the radial, and deep 
palmar and dorsal cutaneous ^ branches 
of the ulnar. 

The Intercarpal and Carpo-metacarpal 
Joints are described with the carpal 
bones on pages I'lO-J -lO. 

Nerve Supply: The same as for the 
radio-carpal joint. 

The Intermetacarpal Joints. 

Bases. The opposed sides of (he bases 
of metatJiirpals 2 and 3; 3 and 4; and 4 
and 5 are contiguous. They have ar- ’ 
ticular facets and tlu'ir 1 1 tree joint (cavities 
are coniinuous witli the cavities of the 
carpo-meta(‘arpal joint s. 

JImads. The opposed sides of the 
heads of these m(*taca]’pals are overlahl 
by collateral ligaments {Jig. 126). 
Hence, they themselves arc n on-articu- 
lar, but the contiguous collateral liga- 
ments are separated by bursae^ uhich 
play the part of joint cavities, necessary 
to the pliability of the hand at the 
knuckles. The same arrangement ob- 
tains in the foot. 

The Metacarpo-phalangeal and Inter- 
phalangeal joints are described with the 
metacarpal bones and phalanges on 
pages 142-143. 

Nerve Supply: ‘Tt is quite evident 
from clinical obsil^rvations that the digital 
nerves ^re the only important source of 
sensory fibres to the articulations of the 


digits.” These are derived from the 
median, ulnar, and radial nerves. There 
is some variatioh in the number of joints 
each supplies, and this corresponds with 
the variations in the cutaneous distribu- 
tion of these branches {fig. 95). (Stop- 
forcjl.) 

Movements of the Fingers. The Flexor 
Digitorum Pfofundus flexes the distal 
interphalangeal joints; the Flexpr Digi- 
torum Sublimis flexes the proximal inter- 



Firmly grippcci ^ ^ 

Fig. 191. Because the 4th and 5th carpo- 
metacarpal joints are hinge joints (pp. 137, 
138), the grip on a rod is more secure. 

phalangeal joints; and continuing to act, 
these two muscles flex the metacarpo- 
phalangeal, ti^s verse carpal, and radio- 
carpal (wrist) joints; that is, they close 
the hand and curl it up. When doing so, 
they draw together (adducQ the fingers. 

Usually, when the hand is closed, the 
acticto of the Profundus and Sublimis on 
the wrist is opposed by the three extensors 
of the wrist (see table 8) which, acting 
as S 3 rnergists, steady the wrist. If it is 
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desired to flex the wrist with force or 
against resistance, the four flexors of the 
wrist (see table 8) aie •also called into 
action. Verify this by closing the hand, 
palm upwards, and fle.\'ing the wrist ; then, 
keeping it flexed, place the knuckles of the 
proximal phalanges under the edge of a 
table, and observe that the wrist flexors 
spring into prominence th§ moment the 
least resistance is encountered. 

The I^x. Digitorum Communis, Ex. 
Indicis, and Ex. Digiti V extend the 
metacarpo-phalangeal joints, and when 
so-doing sprc{id (abduct) the fingers. 
Their power to extend the interphalangeal 
joints is much restricted by their attach- 
ments at the bases of the proximal 
phalanges. The interphalangeal joints 
are extended by the Lumbricales, Inter- 
ossei, and Abd. Digiti V through their 
attachments to the dorsal expansions. 

The Interossei and Abel Digiti V ab- 
duct and adduct the fingers at the meta- 
carpo-phalangeal joints; this they can do 
while the palm lies flat on a table. Also, 
they can move each finger separately. 
These peculiarities distinguish Inter- 
osseous action (which is solely mediated 
by the ulnar nerve) from the abductor 
action of the long Extensors (mediated 
solely by the radial nerve) and adductor 
action of the long Flexors (mediated 
chiefly by the median), as stated above. 

The Lumbricales, Interossei, and Abd. 
Digiti V flex the metacarpo-phalangeal 
joints of the fingers but extend the inter- 
phalangeal joints, as in making the up- 
stroke in writing. 

The 4 flexors of the wrist (see table J8) 


acting as synergists, steady the wrist 
when the extensors of the fingers are in 
action; similarly, the 3 extensors of the 
wrist act synergically when the flexors 
of the fingers are in action. 

You cannot fully flex your wrist while 
the* hand is closed, but only when the 
fingers are extended; this is owing to the 
relative shortness of the extensor tensions. 
Similarly, you cannot fully extend- your 
wrist while the fingers are extended; 
this is owing to the relative shortness of 
the flexor tendons. 

Movements at the Carpo-Meta- 
CARPAL Joints. The first of these 
joints (i.e., that of the thumb) is saddle- 
shaped; here flexion-extension, adduc- 
tion-abduction, and modified rotation 
(whereby the pad of the thumb is 
brought to face that of a finger in op- 
position) take place. The movement of 
opposition is described on page 150. The 
reverse movement of reposition is carried 
" out by the 3 dorsal muscles of the thumb ; 
Abd. Pollicis I>ongus, Ex. Pollicis Brevis, 
and Ex. Pollicis Longus. The 2nd and 
3rd joints arc practically immobile. 
The 4th and 5th, have slight hinge 
movements; the 5th especially can be 
flexed, and it is the forward or flexor 
movement ofithe 5th metacarpal that 
largely prevents a cylindrical object, 
such as the handle of a wheel-barrow or 
a garden rake, from slipping through the 
closed hand (Jig. 19.^); similarly, it helps 
when , climbing or pulling a rope. The 
muscles here ebneemed are the three 
muscles of the hjTiothcnar eminence and 
the long flexors. 



TABLE 9 


Table of Appearance and Fusion Titnee of Epiphyses^ IncludxM Frimary Ceniers faff 
• Carpus and Tarsus, in Years Unless^Otherwise Staled, 


Scapula Acromion 

Coracoid 

Sub-coracoid 

Inf. Angle 

Vertebral Border. . . . 

Clavicle Sternal end 

Humerus Head 

Greater Tuberosity. 

Lesser Tuberosity 
Medial Epicoridyle 
Lateral Epicondyle. 

Capitulum 

Trochlea 

Radius^ Upper end. . 

Lower end... 

Ulna Upper end 

Lower end 

Scaphoid. 

Lunate 

Triquetrum . 

Hamate 

Capitate. 

Trapezoid. . . 

Trapezium. . 

Pisiform. . . . 

Ist Metacarpal base. . . 

2nd-5th Metacarpal heads 
Thumb, Proximal Phalanx base 

Distal Phalanx base 

2nd-5th Fingers, Proximal Phalanx base 
Middle Phalanx base . 
Distal Phalanx base — 

Sesamoids of thumb 

Hip bone, three primary parts 

Ischium and Pubis . 

Ischial tuberosity 

Iliac crest ... • • • 

Femur Head. 

Greater Trochanter . . . 

Lesser Trochanter 

Lower end ... 

Tibia Upper end ..... • • • 

Lower end .... 

Fibula Upper end. .. . • •• 

Lovs-^er end 

Calcaneum=t 

Tuberosity . 

Talus4= 

Navicular 

Cuboid 4= 

1st Cuneiform. . . 

2nd Cuneiform 

3rd Cuneiform 

Great Toe Metatarsal base. ^ 

2nd-5th Metatarsal heads 

Great Toe, Proximal Phalanx base 

Distal Phalanx base 

2nd-5th Toes, Proximal Phalanx base .. 

Middle Phalanx base. . . . , 

Distal Phalanx base. ! 

Patella 

Sesamoids of great toe 

Rib Head 

Tubercle 


15 


lo} 


10 

15 

15 

18+ 

Birthl 

3 

5 

6 
12 

1 

10 . 

7 

1 

11 

6 

G 

5 

4 

h 

1 

6 

• 6 

12 

-3 

-3 

2 
-3 

2 

—3 

-3 

-13 


10 

16 

1 

-5 

-14 

Birth 

Birth 

2 

5 

2 

—30 week 
11 

— 30 week 
3 

+30 week 
3 
-4 
1 

-3 

-5 

-4 

2 

-5 

-5 

-5 

-5 

-12 

15 

18 


19 

15* 

22 

22 

22 + 

19* 3. 


15 


18 

17 

19 

' 19* 
19 
10 * 


19 

19 
18 
18 
18 
18 
18 

16* 

9 

20 
22 
18* 
18* 
18* 
19* 
19 
18 
19 
18 

17 


18 

18 

19 

19 

19 

19 

19 


sr 

E. 


, . 22 + 

As it ossifies 


Since the student will be concerned with the age periods at ^^^^h he may reaso^^^^ carl^r 
that fusion is complete, the latest times of fusion are given. Female 

* Asterisks denote times that are found to ^ quite constant. Ihe table is a compilation 
from several ahthorities and is based on X-ray findings. It has to give 

definite ages rather than a spread. Figures denote years u^ess otherwise stated. 

« a later tendency. - « an earlier tendency. 4= - before birtn. 
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SECTION III 
THE AB.DOMEN 
CHAPTER 8 


The abdomen is the region of the trunk 
below the diaphragm. Its walls cnclo.se 
and protect two hollow, tubular systems: 

1. The gastro-intestinal canal and its 
two offshoots; the liver and pancreas, 
together with the spleen ; and, 

2. The greater part of the uro-genital 
system. 

The different parts of the gastro-intes- 
tinal canal, being at one time full and at 
another time empty, require space in 
which to dilate, contract, and move about. 
This is afforded them by what is virtually 
an enormous bursa, called the peritoneal 
cavity, into which they project freely. 

THE ANTERIOR ABDOMINAL WALL 

When the physician examines a 
patient's abdomen he inspects and pal- 
pates the anterior abdominal wall, 
When the surgeon operates on the ab- 
domen he cuts through the anterior 
abdominal wall. It is well, therefore, 
to have a knowledge of its structure. 

Boundaries. The anterior abdominal 
wall is bounded above by the xiphoid 
process and the costal cartilages— not 
of the lower six ribs of each side, because 
the 11th and 12th costal arches are not 
long enough to reach the front, but - 
of the 7th, 8th, 9th and lOth (Jig. 195). 

It is bounded below on each side by 
the portion of the iliac crest lying be- 
tween the tubercle and the anterior su- 
perior spine, Poupart’s inguinal ligament,, 
the pubic tifcercle, the pubic crest, and 
the upper cml of the phbic symphysis. 
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The xiphoid process, note, lies at the bot- 
tom of the depression between the 7th 
costal ca»tilagcs. It varies in length and 
in shape. Its edges and tip afford at- 
tachment for the aponeurosis of the 




Transversus Abdominis; so, they are 
attenuated and not easily palpated, and 
the attempt to do so causes discomfort. 
Hence, the easily palpated lower end of 
the body of the sternum, at the xiphi- 
sternal joint, is preferred as a landmark. 
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The Superficial Fascia covering the 
lower part of the abdominal wall is dis- 
posed in two easily separable layers: 
(l) an adipose layer j such as clothes the 
body generally, the fascia of Camper; 
and (2) a deeper membranous layer 
devoid of fat, the fascia of Scarpa. It 
is important to note that, if a horizontal 


the lateral border of the spermatic cord. 
In the median plane the finger is arrested 
by a mass of fibro-elastic tissue, suspen- 
sory ligament of the penis and scrotum, 
which is attached above to the symphysis 
pubis and lower part of the linca alba; 
below, it forms a sling for the penis and 
sends fibers to end in the scrotum. 



Ext. ObllcjuLe 


Ingu.ir\oLl lig. 
Spermatic cord 


lUo-inguinal n. 


Long oapKcnoxjLS vem 
Collet’ fascia. 


Fig. 196. The fasciae of Scarpa and Colies. (The penis and scrotum are cut away and the 
spermatic cords are cut across.) The inset shows the attachment of Colles’ fascia to the pubic 
bone. 


incision be made through the fatty and 
membranous layers, the finger can be 
passed downwards in a pocket between 
the membranous layer and the underly- 
ing aponeurosis of the External Oblique. 
In the region lateral to the pubic tubercle 
the finger will be arrested by the attach- 
ment of the membranous layer to the 
fascia lata (i.e., deep fascia of the thigh) 
a finger’s breadth below the inguinal 
ligament {fig. 196); medial to the pubic 
tubercle it can be passed downwards into 
the scrotum, for here the membranous 
layer is attached to the fascia lata along 


The cutaneous vessels and nerves lie 
in the superficial fatty layer of Camper 
(see pp. 20//.-206). 

Deep Fascia, such as is wrapped around 
the limbs, is made of the same stuff as 
tendons and ligaments, and is practically 
inelastic. There can, therefore, be no 
deep fascia — in this sense — enveloping 
the abdomen and thorax. If there were, 
one would look forward with apprehen- 
sion rather than with pleasure to the next 
meal and respiration would be impossible. 
All muscles, though, are surrounded with 
the more or less areolar tissue in which 
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they developed; for example, the Pec- 
toralis Major, Latlssimus Dorsi, 
Trapezius, Serratus Anterior, and the 
three flat mnscles of the abdomen arc 
covered with loose areolar tissue on both 
surfaces -- but this is net deep fascia as* 
usually understood. • 

Axiom, The areolar tissue found be- 
tween muscles affords thdVn freedom of 
movement, and its (juantity varies with 
their range of independent contraction. 

Muscles. On each side of the anterior 
abdominal wall arc the following muscleg: 

Rectus Abdominis, and Pyramidalis, 
and 

Obliquus Externus Abdominis 
Obliquus In tern us Abdominis 
Transversus Abdominis 

The Rectus Abdominis Its Sheath. 
The Rectus Abdominis is a long strap-like 
muscle. It acts at right angles to the 3 
flat muscles and it obtains a certain free- 
dom to contract by lying within a sheath. 
The sheath is formed by the splitting of 
the aponeurosis of the Internal Oblique 
into an anterior and a posterior lamella. 
The anterior lamella is reinforced by the 
aponeurosis of the External Oblictue; the 
posterior lamella by the aponeurosis of 
the Transversus (Jig. //AS’). Wlien the 
anterior wall of the sheath is incised 
longitudinally, it is found that transverse 
fibrous intersections in the Rectus, indica- 
tive of its segmental origin, adhere to the 
anterior wall of its sheath at tiie levels 
of the umbilicus and xiphoid process, and 
midway between these two levels (fig, 
197), 

The Rectus Abdominis is attached hori- 
zontally' above to the front of the xiphoid 
process and to the cartilages of the 7th, 
6th, and Silk ribs. This upper at ^ch- 
ment is three times as broad (3 inches) 
as the lower attachment to the front of 


the symphysis and body of pubis just 
below the crest. As would be expected, 
the thoracic attachment is fleshy; the 
pubic attachment is tendinous. 

Surface Anatomy. The lateral l^otder 
of .th(' R(‘(dus curves from the pubic tu- 
bercle, across th(^ middle point of the 
Jin(' joining 1h(‘ anba ior superior spine to 
file nm])ilicus, across the chest ipargin 
w]i(‘r(‘, lliree inches from tlie middle line, 



Fio. 197. (A) The Rectus Abdominis. G.B. 
■-gall bladder. 

it ov(*r]i(‘s the tip of the 9th costal car- 
tilage, and on to where tlie 5th cartilage 
and ril) meet. Its medial border is sepa- 
rated from that of its fellow by the linea 
albas that is, the line extending between 
the xiphoid process and* the symphysis 
pubis in which the aponeurotic fibers of 
the three flat muscles decussate. Below 
the umbilicus the linea alba is truly 
linear, the two Recti being practically in 


X III 

flat 

ma.s- 
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contact with oxm) another; l)ut alcove the The Posterior Wall of the Rectus 
umbilicus it forms a l)an(l or “tinca^’ Sheath. At four different levels four 
half-an-inch wide. different tissues, lie in contact with the 

Small gaps may be pre.-^eiil IxMween pastcrior surface of the Rectus /»9c9). 
the decussating fibers of tlie liiu'n alba From below upwards they are: (a) are- 
through wliieh herniae of (^xtraperitoneal olar tissue, (b) fibrous tissue, (c) muscle, 
fat protrude. and* (d) cartilage. First, consider level b: 


a 


c 


-b — 


- - a 


C. 

FiO- IDS. (I^) The posterior wnll of the Uectus sheath. (C), Transverse sections of the sheath 
at four levels. 

Actions. When, on awakening in the here the posterior layer of the aponeuro- 
morning, one rises from the recumbent to sis of the Internal Oblitiue, reinforced by 
the sitting posture, the Sterno-mastoids the aponeurosis of the Trans versus, ex- 
raise the head and indirectly flex the tends from about three inches above the 
cervical vertebrae; the Recti Abdominis pubis to about three inches below the 
approximate the thorax and pelvis and xiphi-sternal junction, and constitutes 
indirectly flex the thoracic and lumbar the posterior layer of the true or fibrous 
vertebrae; and the Ilio-psoas flex the sheath of the Rectus; its lower free edge 
lumbar vertebrae and the hip joints. is known as the arcuate line (semi- 

The Recti can by contracting break the circular line). Below this, (level a) the 
force of a blow and so protect Xhe ab- aponeuroses of all thret' flat muscles pass 
dominal viscera from injury. in front of the Rectus, leaving its lowest 
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three inches in contact* posteriorly with 
the areolar fascia transversalis. Above 
this, (level c) the Internal Oblique does 
not extend, witli the result that the three 
inches of the Rectus just below the body 
of the sternum come into contact with 
practically the whole breadth of .the 
narrow upper end of the Transversus in- 
cluding its fleshy costal* origin. This 
flcsliy origin is seen shining through the 
film of areolar tissue that covers it. 
Above the chest margin, (level d) the 



Fig. 11)9. Tho course of an anV^rior nervo 
ramus in the abdominal wall, (a) Lowei 
thoracic, (b) 1st lumbar. 

Rectus lies in front of ilag(‘.s (0), 8, 
7, 6, (5). Because the rC\((Tiial (.)blique 
alone of the threi^ flat niuscle.s extends 
above tho chest margin, its aponeurosis 
alone forms the front of the Rectus sheath 
at level d. And, from its upper border 
the Pect oralis Major partly arises. 

The Amteihor Wall of the REorus 
Sheath. Four different tissues clothe 
the Rectus behind; but only one tissue 
clothes it in front, and it is aponeurotic 
or fibrous. This anterior fibrous wall of 
the RectuH sheath has, however, three 
different ^cknesses" -above the costal 
margin it is formed by External Oblique 


only ; in the intermediate part by Exter- 
nal Oblique and half tlie Internal Oblique; 
in its lowest three inches or so by all three 
flat muscles. 

The Pvramidalis is a triangular mus- 
, cle that lies in front of the lower part of 
the’ Rectus Abdominis. It arises from 
the front of the body of the pubis below 
the crest, and is inserted into the linea 
alba below the umbilicus ; but it to com- 
monly absent. A twig from Th. 12 nerve 
supplies ft. 

The Contents of the Rectus Sheath : 

Mi'jscles: Rectus Abdominis & Pyrami- 

dalis. 

Nerves: anterior branches of Th. 7-12. 
Vessels: superior and inferior epigastric. 

Nerves. The Anterior Rami of 
the low^r six thoracic nerves run be- 
tween the Internal Oblique and the 
Transversus and they are-guided by these 
muscles to whore their aponeuroses blend 
behind the lateral margin of the Rectus 
{fig. 199). Thereupon, they pierce every 
structure intervening between them and 
the skin (i.e., the posterior lamella of the 
Internal Oblique, the Rectus, the anterior 
wall of the Rectus sheath) and ramify 
in the subcutaneous tissues, as anterior 
cutaneous nerves. 

The anterior ramus of the 1st lumbar 
nerve divides into two: the ilio-hypogas^ 
trie and ilio-mgnuial. Medial to the an- 
terior superior spine these 2 nerves run 
between the Internal and External Ob- 
liques’, and they arc guided by these 
muscles to the front of the Rectus ; hence, 
they require to pierce only the External 
Oblique aponeurosis, or its^ tubular pro- 
longation, the external spermatic fascia, 
to become cutaneous. The ilio-hypo- 
gastric nerve pierces the aponeurosis an 
iqch or so above the superficial in- 
guinal ring ; .the ilio-inguinal nerve passes 
through the ring and pierces the external 
spermatic fascia. - 
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Distribution {fig. 200). Of these 
nerves, the lOt h sap plies the skin around 
Che u^mbilicus, leaving three nerves (9, 
8 andTJ'To'supply the region above the 
umbilicus, and three (11, 12 and 1) to 
supply the region below the umbilicus. 
Indeed, the ilio-inguinal nerve supplies 
the skin at the root of the penis, upper 
part of the scrotum, and adjacent part 
of the thigh. 

While these nerves (Tli. 7- f^.l) are 
running between the TnternM Oblique 
and the Transversus, they supply I hem, 
12 and 1 being the most important be- 
cause they control the most vital part of 
the abdominal wall (fig. 202). 

Those nerves that pierce the Rectus 
(7 to 12, but not 1) also supply it; and 
to sever any one of them results in pa- 
ralysis of that segimmt of the Rectus for 
which it is fCsi)onsible, with resulting 
weakness of the abdominal wall. 

The Lateral Cutaneous Branches 
of the lower six thoracic and first lumbar 
anterior rami arise and become cutaneous 
in front of the mid-lateral line, mid-axil- 
lary line, or half w^ay around the body — 
whichever you , prefer — and so are in 
line with the intercosto-brachial and 
other lateral cutaneous nerves {fig. 68). 
They appear between the digitations of 
the Serratus Anterior or External Oblique 
according to their level. The lateral 
cutaneous branches of segments Th. 7, 
8, 9, 10, and 11 send: (a) branches for- 
wards as far as the lateral bordet of the 
Rectus where they meet the anterior 
cutaneous branches of their respective 
segments— ^hese lateral cutaneous 
branches supply the External Oblique — 
and (b) branches backwards across the 
Latissimus Dorsi for a short distance. 
The lateral cutaneous branches of seg- 
ments Th. 12 and L. 1 cross the iliac 
crest in front of the tubercle and behind 
it respectivfely and ramify above the level 


of the trochanter. They are generally 
referred to as the iliac branches of the 
subcostal and ilio~hypogastric nerves. 

Vessels {fig. 200). The Superior Epi' 
gastric A ■ enters the Rectus sheath 
behind the 7th costal cartilage and an- 
astomoses with the Inferior Epigastric 
Artery which enters the Rectus sheath in 
front of the. arcuate line. Thus, vessels 
to tlie upper and lower limbs are brought 



Fig. 200. The nerves and arteries within the 
.rcctois sheath. 


into communication with each other — 
for the superior epigastric artery is one 
of the two terminal branches of the in- 
ternal mamma^^ branch of the sub- 
eJavian artery, and the inferior epigastric 
artery is one of the two collateral 
branches of the external iliac artery. 
Being the only two arteries in this region, 
the two epigastric arteries have of neces- 
sity to supply everything in the region. 

Branches. Their branches accordingly 
are cutaneous^ muscular^ arxd^'anaslomotic. 
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The inferior epij^asl ric artery has in ad- 
dition two branches of some importance: 

a crrmaslcrir brancii (ext. spermatic 
a.) whicfi Mippiies the coverings of the 
spermatic cord and anastinnoses with tlie 
test iciil.'ir artiny (int. spermatic a.), and 
(b) a tnibic Jminch whicli passes to the 
t)a(‘k of the pul)ic ])on(‘ (see />. 

lli(‘ lateral boi*d(‘r of I^ectus is a 
nearly bloodh'ss line', becaiis(‘ vrry few 
bran(*hes of the* (‘])i^astric art (‘lies cross 
it and anastomosi' with tlu' in((‘rcostal 
and lumbar arteries. 

OriiKK \’i:s.sftLs IN 'lUK Antktuoh An-* 
DOMiNAL Walt.; I ulrrca^fitl and Ijmubar 
Arlrrir,^ accompany iu‘r\y^ d\ 11, 12, and 
[j. I arid (lK‘ir lateral branch(‘s. 

Thr Deep (*irruinjl<\r Iliac Arlcrp rami- 
fies bt'twT(‘n the Internal Obliqin' and 
tbe d'ransversus (p. 211). 

The Three Superjieial IniiaiNaJ Ai~ 
ferirs spi'iiig from tli(' banoi’^al arti'ry and 
run in the superficial lascia, thus; (aJ 
the saperJiciaJ epiga-sfrle a runs towards 
th(' nav(‘l ; (‘1>) the s'lpa/iead n /rraal 
pudendal a. (‘ross<\s in ironl of the sp(‘r 
malic, cord to su})i)ly tlu' scrotal wall, 
and (c) llu‘ •superficial eireiunJU ? ilau a 
runs below tin' lat(‘i-al hall of t h(‘,inTi.mnal 
liga rnent 

The Three Superficial liupiuial \'rnis 
end in the long saphenous \(‘in. . 

The Superficial Lymph Vessel. s the 
anterior abdominal wall abo^(^ the level 
of the navel pjiss to the axillary glands; 
thase below to the inguinal glands, 
situated immediately behjw tlic attach- 
ment of the membranous layer of Scarpa 
to the fascia lata. 

The Three Flat Muscles of the 
Abdomen. The Oblhiuus Ext emus, the 
Obliquus .internus, and the Transversus 
are the prototype of “three ply” wood, for 
the gcheral factions of their hbers are 
respectively downwards and medially, 
upwards and medially, and transversely. 


Though the majority of the fibers of the 
three muscles take these three general 
dircclionSf you will find that below the 
level of the anterior superior iliac spine 
all the fibers of all three muscles take 
pne particular direction — downwards, for- 
wards, and medially- These lower fibers, 
though in the minority, happen to be 
the most inqiortaiit libers of the muscles; 
and, their attachments arc coinplic^ated 
by the fact that before birth the testis 
ill the male (round ligament in the fe- 
male) descended from the abdomen into 
the scrotum (labium majus in the female) 
carrying before it a covering from each 
of the throe flat muscles. 

The Obliquus Externus Abdominis 
arisc's from tlic lower eight ribs a hand's 
breadth from the costal margin. ("J'he 
inh and I2th libs, being very short, it 
arises from the ends of Iheir cartilages.) 
The origin is by moans of flcvshy digita- 
tioris that interlock with similar digita- 
tions of the Sermtus Anterior and Latis- 
simus Doi’si. Those three muscles, to- 
gether w’illi the IVcl oralis Major and the 
Rectus Abdominis, whose attachments 
also interlock, cover the entire front and 
side of the thorax. The digilations of the 
I'Atornal Obliipie and Serratus interlock 
on the middle four ribs (5, (i, 7, and S) and 
their pull produces slight bends, called 
the aider tor angles of the ribs. 

Hic External Oblique is fleshy above 
and laterally; elsewhere it is aponciirotic| 
ifiO’ dot). The dividing line between? 
the fleshy and aponeurotic portions « 
curves from the anterior sujierior spine 
(or, more precisely, from an jneh behind 
it) upwards and medially to the costal 
margin, which it meets at the lateral 
border of the Rectus Abdominis. The 
uppermost fibers of the External Oblique 
are nearly horizontal, and they end in an 
aponeurcK;is from which the Pcctoralis 
Major in part arises. Its mofst posterior 
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fibers arc fleshy and nearly vertical, and 
they fail to meet those of the Latissimus 
Dorsi at the midpoint of the outer lip of 
the iliac cicst by one inch, more or less, 
thereby forming the Lumbar triangle. 
Insertion. Between its upper hori* 
zontal and posterior vertical borders the 
fibers of the External Oblique spread 
out fanwise: (1) The fibers of the upper 
lialf*of the muscle help to form the front 
of the Rectus sheatli, decussate in the 
linea alba, and cross the middle line 
from xiphoid to symphysis. The lowest 
of these dc‘cussating fibers strike the 
front of the body of the pubis of the op- 
posite side below the Rectus. They are 
referred to as the reJlecLed yari of the 
inguinal ligament (reflex inguinal lig.); 
occasionally they extend to the pectineal 
line. (2) The Abel’s of the lower half 
of the muscle find attachment between 
the lumbar triangle and the symphysis 
pubis as follows: (a) To the outer lip of 
the iliac crest from its midpoint to the 
anterior superior spine by fleshy fibers, 
(b) From the anterior superior spine to 
the pubic tubercle the muscle has a free, 
lower, aponeurotic border, known as the 
inguinal ligament of Poupart. The in- 
guinal ligament bridges the muscles, ves- 
sels, and nerves passing from the abdomen 
to the front of the thigh ; and it is convex 
towards the thigh due to the pull of the 
attached fascia lata, (c) Some fibera of 
the inguinal ligament pass beyond the 
pubic tubercle to the frgnt of the f)ody of 
the pubis ; others, failing to reach the tu- 
bercle, are attached to the pectineal line of 
the pubis, as the pectineal part of the in- 
guinal ligament (lacunar ligament). It 
will be seen when the muscle is reflected 
(p. 209). (d) Between tubercle and sym- 
physis the aponeurosis is attached to the 
front of the pubis, below the Rectus. 
This part is largely ballooned out to cover 
the testis and is known as the external 


spermatic fascia. The mouth of the 
balloon is the superficial inguinal ring. 
The Superficial Inguinal ring (sub- 
cutaneous inguinal ring) is an obliquely 
placed, triangular opening, one inch 
long. Its center lies above the pubic 
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Fio. 201. The three flat muscles below the 
level of the anterior superior spine — the walla 
of the inguinal canal. 

tlfbercle; its apex is lateral to the tuber- 
cle; its base, formed by the lateral half of 
the pubic crest, is medial to the tubercle. 
The two sides of the ring, known as the 
upper and lower crura, are thickened 
portions of the External Oblique aponeu- 
rosis. 

The External Spermatic Fascia, derived 
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from the triangular |)ortion of aponeuro- 
sis which at one tirn<^ closed the ring, is, 
from the naiine of its origin, attached to 
all three sides of tlje ring. It is thin and 
areolar in structure, not because it has 
been stretched to cover the testis, but 
because it is no longer subjected to the 
strains and stresses borne by the abflom- 
inal wall. • 

Some •curved fibers, the intercrural 
fibers, lying lateral to the apex of the 
ring, tend to prevent its, (UTira from 
spreading. 

The Obliqutls Intemus Abdominis. 

The direction of the muscle libers that 
form the floor of the lumbar triangle may 
be observed to pass antero-superiorly, at 
right angles to those of the External 
Oblique. Since these fibers belong to 
the Internal Oblique, it follows that the 
attachment of the Internal Oblique to 
the iliac crest must extent' dorsally be- 
yond the External Oblique for at least 
the width of the lumbar triangle, i.e., 
one inch behind the mid-point of the 
iliac crest. 

Like the JOxternal Obliiiue, the Interna! 
Oblique has a free, posterior oblique 
border except when its origin creeps up- 
wards on to the underlying posterior 
aponeurosis of the Transversus (Jg. 286). 

The Internal Oblique, then, aiises from 
more than the anterior half of the inter- 
mediate lip of the iliac crest, from more 
than the lateral half of the inguinal 
ligament, and commonly from the pos- 
terior aponeurosis of the Transversus. 

Insertion, (a) Its most posterior fi- 
bers ascend to the cartilages of the loWer 
4 ribs (12, 11, 10, and 9). The fibers 
that pass beyond the 9th cartilage neces- 
sarily miss the costal margin altogether 
and, continuing obliquely medially and 
upwards, at the lateral border of the 
Rectus, contribute to' the formation of 


the anterior and posterior walls of its 
sheath, and so reach the linea alba in 
Avhiih they decussate. The line of pull 
of these fibers prevents them from cloth- 
ing the two or three inches of the Rectus 
^ust below the xiphisternal junction, (b) 
Tlie fibers that proceed from the anterior 
superior spine pass horizontally; (c) those 
from the inguinal ligament curve down- 
wards and medially to contribute td the 
conjoint tendon, described on the next 
page. 

The Internal Oblique, does not extend 
above the costal margin. Consequently, 
it has a less extensive aponeurosis than 
the External Obliipic which arises a hand’s 
breadth above that margin. 

The Transversus Abdominis has a 
pelvic, a lumbar, and a costal origin. The 
pelvic origin is fleshy from the inner lip 
of the iliac crest and from the inguinal 
ligament. Its attachment to the iliac 
crest is almost co-extensive with that of 
the Internal Oblique, but it extends to the 
lateral third only of the inguinal ligament. 
The costal origin is by fleshy slips that 
spring from the inner surface of the 
lower six costal cartilages where they 
interdigitatc with fleshy slips of the 
Diaphragm. Between its iliac and costal 
origins it arises from the tips and borders 
of the transverse processes of the lumbar 
vertebrae through the mediqm of an apo- 
neurosis called the middle layer of the 
lumbar fascia (fig, 300, p. 296). 

From these three sites its fibere pass 
transversely forwards to decussate in 
the linea alba, those above the arcuate 
line passing behind the Rectus, those 
below passing in front. Its uppermost 
fibers have been seen to form a posterior 
fleshy relationship for the Rectus. The 
fibers arising from the lateral third of the 
inguinal ligament join the conjoint ten- 
don. The xiphoid process may be re- 
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garded as an ossification extending from 
the body of the sternum into the aponeu- 
rosis of the Transversus. 

The Conjoint Tendon {Falx Inguin- 
alis). The inguinal parts of the Internal 
Oblique and Transversus join to form an 
aponeurosis which becomes part of the 
lower end of the Rectus sheath; and, 
though not fused with the External 
Oblique aponeurosis at this level, it is 
attached to the body of the pubis with it. 
This aponeurosis is prolonged# laterally, 
behind the superficial inguinal ring, as a 
delicate sickle-shaped band which is at- 
tached to the medial half inch or more of 
the pectineal line (pecten pubis, p. 328). 
The aponeurosis and the band constitute 
the conjoint tendon. On pulling on the 
fleshy fibers of the Tntenial Oblic[ue and 
Transversus, it becomes evident that 
both contribute to the aponeurosis, and 
that the Transversus alone ends in the 
sickle-shaped band. The band usually 
blends with the underlying fascia trans-* 
versalis (Anson and MeVay; and Chand- 
ler). 

For the display of the attachment of 
the tendon to the pectineal line, the part 
must be moist and the point of the knife 
sharp. Press the inguinal lig. and its 
lateral or pectineal extension, also called 
the lacunar lig., firmly forwards, raise 
the spermatic cord and, using the handle 
and point of the knife, ease the conjoint 
tendon backw^ards from the lacunar lig. 
Both will be seen to be attached- to the 
pectineal line, the laiiunar lig. which 
represents External Oblique naturally 
being the more superficial. 

The Cremaster Muscle is .the cover- 
ing the Internal Oblique and Transversus 
together give to the testis and spermatic 
cord. It is derived in the same manner 
as the external spermatic fascia (p. 267). * 
It is, therefore, attached to tl^e medial 


half of the inguinal ligament and to the 
pubis. It hlls the concavity formed by 
the arching fibers of the two flat muscles, 
and in the scrotum its individual fleshy 
fibers form loops separated widely from 
each other by areolar tissue. 

Its nerve is the genito-fcmoral (L. 

1 , 2 ). 

Its artery ^is the cremasteric branch 
(ext. spermatic a.) of the inferior epi- 
gastric a. 



Pig. 202. Branches of the ilioinguinal and 
genitofemoral nerves to the muscle fibres 
controlling the conjoint tendon. (Dissection 
by Dr. R. G. MacKenzie.) 

Its action is to retract or draw up the 
testis, and stroking the skin of the thigh 
supplied by the ilio-inguinal nerve (L. 1) 
reflexly brings about this retraction. 

^Functions of the 3 Flat Muscles* The 
Internal Oblique is thicker than the Ex- 
ternal Oblique, and each of these is much 
thicker than the Transversus which, in 
fact, is uniformly thin. The Oblique 
muscles are much thicker in the. flanks 
than in front. T^iey are the chief lateral 
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flexors of the trunk, and they give the 
Recti much help in forward flexion. The 
External Oblicjue libers of one side and 
the Internal Obliciuc fibres of the other, 
being parallel, act together in rotation of 
the trunk. All three flat muscles help 
to main l ain the intra-a})dominal pres- 
sure, particularly the Transversus which 
is a living elastics corset. This pressure 
is much^more important than ligaments 
and mesenteries in retaining tlu^ viscera, 
in place. 

The three flat muscles (a) by contract- 
ing alternately, with the diaphragm as an^ 
tagonist, help to bring about the expira- 
tory act by their elastic recoil, and they 
arc necessary to the abdominal form of 
respiration; (b) by contracting simul- 
taneously with the diaphragm, they aid 
in expelling the contents of the abdominal 
organs (in micturition, dcfaccation, 
vomiting, and parturition) and in dnving 
on venous blood to the heart. Their 
control of the inguinal canal is explained 
on page 212. 

Above the Level of the Anterior Supe- 
rior Spine the fibers of the three flat muscles 
run more or less at right angles to ea(;h 
other. A sufficient quantity of areolar 
tissue therefore is required between them 
to allow them to play across each other 
unimpeded. 

Axiom. On cutting througii the ab- 
dominal wall, the encountering of a layer 
of loose areolar tissue is a signal that a 
change in direction of muscle fiber is 
imminent. 

The lower six thoracic nerves cling to 
the deep surface of the Internal Obliqve. 
Their direction in the abdominal wall is 
appaijintly decided by the direction of 
their respective costal cartilages {Jig. 
£00) \ i.e., the 7th and Sth nerves inelino 
upwards; passes horizontally; tlie 

subsequent mies incline downwards; and 
all pierce the Rectus. 


The ascending branch of the deep cir- 
cumjlcx iliac artery pierces the Transver- 
sus in front of the anterior superior spine ; 
the terminal branch pierces the Trans- 
versus just behind the spine. Both 
branches th(‘n ascend between Internal 
Ohlkiue and Transversus. {Fig. £01.) 

Axiom. When you incise the ab- 
dominal wall, the direction of muscle 
fibers, the presence of areolar tissue, the 
presence of nerves and of branches of the 
deep circumflex iliac artery all indicate 
the depth at which you have arrived. 

Below the Level of the Anterior Supe- 
rior Spine the anterior abdominal wall de- 
serves careful attention on account of its 
great practical importance. In the male 
pubic hair extends upwards towards the 
umbilicus, and the suspensory ligament 
of the penis is attached to the lower part 
of the linca alba and upper part of the 
symphysis pubis. 

Lateral to the Rectus the wall consists 
'of eight layers, each of which is prolonged 
into the scrotum, and each must sub- 
sequently be accounted for there (fig. 
20i)). In table 10 the names of the layers 
of the abdominal wall and the corre- 
sponding layers found in the scrotum are 
set out in parallel columns. 

Let it be understood that the testis, like 
otlicr abdominal organs (c.g., kidney and 
ureter; bladder and urachus; intestine, 
liver and spleen; the great vessels — but 
not the spinal nerves), develops in layer 
7; that is to say, between the peritoneum 
and the fascia liking the muscles of the 
abdominal wall (e.g., Transversus, Ilio- 
Psoas, Diaphragm) (Jig. £04). A month 
or so before birth the testis makes a 
descent through the abdominal wall. In 
descending it encounters the outer fl lay- 
ers of the wall ,‘ind earries before it a 
tubular prolongati(jn from each. Layers 
1 and 2 Jorin the scrotum,; they do not 
envelope the testis and cord ho snugly as 
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layers 3-0, which are known as the cover- 
ings of the cord. The testis drags after 
it its duct, arteries, veins, lymph vessels, 
and nerves, a quantity of the extraperi- 
toneal tissue from layer 7 in A\’liich it is 
embedded, and a lulje of peritoneum, 
called the processus vaginalis^ bplonging 
to layer 8. ^'htise constitute the Hper- 
malic Cord. The passage? through llio 
abdominal wall is called the Inguinal 
(^anal. 

The foregoing is a simplified descrip- 
tion. In reality, the testis is not the active 
agent in producing the tubular prolonga- 
tions within which it is later contained. 
The scrotum and the coverings of the cord 
are formed early, even before the ab- 
dominal muscles differentiate, and, as 
Curl and Tromly properly point out, there 
is a definite inguinal canal in the male 
foetus before the testis passes through 
the abdominal wall, and in the female 
it is just as definite. Originally, the 
inguinal canal is an almost straight antero- 
posterior passage through the abdominal 
muscles ; subsequently, during the process 
of growth, it becomes more oblique. 

The Inguinal ^Canal. The first of the 
8 layers of the abdominal wall that the 
testis encounters during its descent is, 
of course, the fascia lining the Trans- 
versus, known appropriately as the fascia 
transver salts. The tubular covering pro- 
vided is the internal spermatic fascia. 
The mouth of this tube, called the deep 
{abdominal) inguinal ring, is the c'litrance 
to the inguinal canal. ’ It lies a finger's 
breadth above the middle of the inguinal 
ligament agd immediately lateral to the 
external iliac artery, {fijg. 201 ); 

The tube derived from the Ext. Ob- 
lique aponeurosis is (railed the external 
spermatic fascia. Its mouth, called. the 
superficial (subcutaneous) dnjuinal ring, ' 
is the exit from the inguinal ca»al. It is 
triangular,!" long, easily admits the tip of 


a finger, and is so set that its apex is 
lateral and its base medial to the pubic 
tubercle. 

Between the deep and the superficial 
inguinal ring the Transvei-sus and In- 



Fio. 203. Scheme: The inguinal canal, and 
the layers of th(j anterior abdominal wall pro- 
longed into the scrotum. (See tabic 10.) 



Fig.. 201. The testis making its descent in 
layer number 7 — i.e., the layer in which the 
oFgans and great vessels reside. 


ternal Oblique together contribute a 
tubular muscle covering, the Cremaster 
The Inguinal Canal extends from the 
deep inguinal ring to the superfi’eial in- 
guinal ring and is*an inch and a half long, 
(a) The anterior wall is formed through- 
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out by the External Oblique aponeurosis, 
as figures 201 and 203 show, (b) The 
'posterior wall is formed throughout by 
the fascia Iransversalis. (c) Between 
these two, the Internal Oblique and the 
Traiisversus arc accounted for thus : Col- 
lectively, they lie in front of the most 
lateral part of the cord, arch over it, and 
lie behind its most medial part, i.c., they 
lie in fronJ: of the deep ring and behind the 
superficial ring. Considered individu- 
ally, the Internal Oblique almost always 
arises from more than the lateral half of 
the inguinal lig.', and therefore covers the 
deep ring and takes part in the anterior 


epigastric and the obliterated umbilical 
arteries. The inferior epigastric artery 
lies at the medial boundary of the deep 
ring and here the vas deferens takes a 
recurrent course lateral to it. (d) The 
Jloor of the canal is formed by the grooved 
surface of the inguinal ligament and by 
the pectineal part of the inguinal liga- 
ment (lacunar ligament). 

Whnt control has one over his canal: 
flow is it closed} Your conception of the 
canal may ^be helped by likening it to an 
arcade of 3 arches formed by the Trans- 
verse and the two Oblique muscles {fig. 
205). The contraction of the External 


TABLE 10 


TBE LAYERS OE THE ADDOMINAL WALL 


1. Skin 

2. Superficial r(a) fatty (Camper) 

fascia \(b) membranous (Scarpa) 

3. External Oblique (aponeurotic) 

i. T-irtPi"’”} (s-w 

6. Fascia Transversalis (lining abdominal 

cavity in this region) 

7. Extraperitorleal fatty tissue (layer inhabited 

by organs) 

8. Peritoneum 

wall of the canal. But the origin of the 
Transvorsus is very variable; rarely does 
it extend to the deep ring aad take part 
in the anterior wall; indeed n> 2(\% of 
110 regions its origin did not (extend be- 
low the level of Ihc^ interior superior 
spine (Anson and Me.Vay). As con- 
joint tendon (falx inguinalis) both mus- 
cles lie behind the superficial riijg and 
therefore take part in the posterior wa[l, 
the Transversus making here the greater 
contribution. Behind the conjoint ten- 
don lies the lateral part of the Rectus 
tendon which is an essential part of the 
posterior w'^. 

Running ifthind the. posterior wall in 
the extraperitoneal fat are the inferior 


TBE CORREaPONDINQ LATBRR IN THE 8CROTD11 

1. Skill O * ♦ 

2. Dartos muscle and fascia 

3. External spermatic fascia] 

Cremaster muscle ^ cord 

t. Internal spermatic fascia J 

7. Areolar tissue with 

localized collec- Two of the constitu- 
tions of fat ents of the cord 

8. Processus vaginalis J 

Oblique approximates the anterior wall to 
llie posterior wall. The contraction of 
tlie arched fleshy fibem of (the inguinal 
portions of) the Internal Oblique and 
Transversus causes them to become 
straightcr and taut. In consequence,, 
the roof, of the canal or arcade is lowered 
and the passage constricted. The action, 
is that of a demi-sphincter. 

The Eight Layers. Of the eight layers 
in this lower part of the abdominal wall, 
the superficial fascia consists of a super- 
ficial fatty layer of Camper, which is con- 
tinuou.s with that covering the body gen- 
erally, and a deeper membranous layer 
of Scarpa. In the scrotum the more 
superficial layer is devoid of, fat, but it 
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contains involuntary muscle fibers, the 
Dartos, which are attached to the skin 
and cause it to wrinkle. It is not easily 
separated from the deeper membranous 
layer. 

The External Oblique is here aponeu- 
rotic; and its aponeurosis must not be 
mistaken for deep fascia. Above the 
pubic tubercle the testis passed through* 
this aponeurosis carrying before it a 
tube-like prolongation, the external sper- 
matic fascia. This fascia is, ot course, 
attached to the three margins of the 
triangular, superficial inguinal ^^ring”. 
The infero-lateral margin (crus) of the 
ring is attached to the pubic tubercle. 
The supero-medial margin crosses the 
pubic crest at its middle to reach the front 
of the body of the pubis. The third side 
or base of the ‘^ring” is the lateral half of 
the pubic crest. 

The fleshy fibers of the Internal Oblique 
arise from more than the lateral half of 
the inguinal ligament and, therefore, cover 
the deep inguinal ring and help to form 
part of the anterior wall of the canal 
laterally The fleshy fibers of the Trans- 
versus arise from I43SS than the lateral half 
of this ligament and, therefore, do not 
contribute to the anterior wall of the 
canal. The inguinal fibers of these two 
muscles, however, have a conunon origin, 
a common direction, and a common inser- 
tion, and, therefore, they behave as one 
muscle. There is, therefore, no occa- 
sion for areolar tissue between them, and 
as none exists, it is often difficult to 
separate them. 

The areolar lining of the Transversus, 
known as the fascia iransversalis, is rela- 
tively thick; so, it strengthens the inguinal 
region. In spare subjects the extraperi- 
toneal layer of fat is reduced to an areolar 
framework. In the absence of fat the 
three innermost layers of the abdominal 
wall — namefy the fascia transversalis.the 


areolar framework devoid of fat, and the 
peritoneum — blend to form a single 
areolar sheet; and you should not expect 
to be able to identify three {fig. 206). 
This is important. You may easily in- 
• cise what you take to be fascia trans- 
versalis and find that you have opened 
the peritoneal cavity. 



guinal canal likened to an arcade of three 
arches traversed by the spermatic cord. 
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Fio. 206, In the absence of fat the inner 
three layers of the abdominal wall blend to 
form a single layer. 

The anterior rami of the lower six 
thoracic nerves run between the Internal 
Oblique and the Transversus, but the ilio- 
hypogastric and ilio-inguinal branches of 
thd anterior ramus of the first lumbar 
nerve run between the External Oblique 
and the Internal Oblique. To gain this 
more superficial plane, they pierce the 
Internal Oblique medial to the anterior 
superior spine. The ilio-inguinal branch 
then runs less than a finger^s breadth 
above the inguinal ligament, and emerges 
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through the i>u|)erfi(*iiil ring lateral to tlie 
spermatic eonl, l)ul it may he anterior, 
or medinl, or ev(‘ii posterior to it. Thc' 
ilio-h>^])og.jst rie hi*aneli I’uns at a liigluM- 

1(‘V(*1 {](<! ^ 01 ). 

Just before piercing the Internal, 
()I)Ii(jiH‘ the ilio-imjmnal nerve si>n(ls 
branches forwards to supply those fleshy 
fibres of the Transversua and Internal 
ObliquQ that control the conjoint ten- 
don; the gcnito-fenioral nerve also may 
send them a twig JO^). 

The Inferior Epigastric and Deep Cir- 
cumflex Iliac 'Arteries arise from the ex- 
ternal iliac artery just before it passes 
behind the inguinal ligament to become 
the femoral artery. The one ends within 
the Rectus sheath; the other between the 
Trans versus and the Internal Oblique. 

. To reach these destinations each must 
leave the extraperitoneal fatty layer in 
which it takes origin and pierce the fascia 
transversalis. The inferior epigastric ar- 
tery does not require to pierce the pos- ' 
terior wall' of the fibrous sheath of the 
Rectus, because for about three inches 
above the pubis this is wanting It is 
only necessary for it to pass in front of the 
arcuate (semicircular) line to. Cud itself 
within the sheath. The deep ciraiwfbx 
iliac artery follows the inguinal ligament 
and, after piercing the fascia transversalis, 
gives off an ascending branch which 
pierces the Transversus an inch medial to 
the anterior superior spine; its terminal 
branches pierce the same muscle an 
inch lateral to the anterior superior spine. 

THE TESTIS, SPERMATIC CORI?, 
AND SCROTUM 

The Descent of the Testis. The testis 
had its origin within the abdomen from 
the mcsothelium or peritoneum covering 
the rtiediakpnrt of the mesonephros. In 
early fetal life a cord of spindle-shaped 
cells, called the guherrtax:ulumlesiis,p\xsJi^dL 


before it into the scrotum the layers 
of the growing abdominal wall, and 
evaginated them as though they were so 
many sheets of rubber The upper end 
of the gubernaeulum was attached (a) 
to tlu' l(‘stis, (b) to the adjacent part of 
the peritoneum, and (c) to the meso- 
nepliric duct (later tlie epididymis and vas 
•de'veren.s) (./a/-s‘. '2i)3^ 207). These it 
dragg('d after it, or at least it (^onstTained 
them to follow in its wake. As a n'sult, 
the perftonourn of th(‘ iliac fossa was 
elongated into a tulx', the processus 
vaginali'i peritouei, and the testis, which 
was adherent to th(i outer surface of the 
tube, was drawn with it into the scrotum. 
The low’er end of tlu^ epididymis was 
drawn down too. (It is a common error 
i(j suppose that the testis drops into the 
tubular processus vaginalis like a bucket 
lowered by a rope into a well.) The 
lower end of the gubernaeulum divided 
into a number of strands: the largest 
passed to the scrotum; others passed to 
the perineum, to the root of the penis, 
to the thigh and elsewhere. The testis 
descended to the iliac fossa during the 
3rd fetal month; traversed the inguinal 
canal during the 7th fetal month; and 
reached the bottom of the scrotum after 
birth. 

If the testis fails to leave the abdomen, 
the result is an undescended testis; if it 
follows the wrong strand of the guber- 
naculum the result is a misplaced or 
ectopic testis and an empty scrotum. 

In the eh'phant tlui testis is retained in 
the abdomen; in certain rodents it de- 
scends periodically and th^n returns to 
the abdomen; in the pig it follows the 
strand of the gubernaeulum to the peri- 
neum ; in the marsupials it follows a pre- 
ppnile strand. 

The gubernaeulum is, therefore, the 
helmsman of the testis. It is its fore- 
runner. 
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To Display the Testis and Spermatic 
Cord an incision, extending from the 
superficial inguinal ring to a point half 
way down the scrotum, should be carried 
through skin, Dartos, and fascia. The 
external pudendal vessels, which cross^ 
in front of the cord on their way to supply 
the front of the scrotum, must be cut. 
The testis and cord in their three cover- 
ings -•are then to be shelled out of the 
scrotum; but it will be found that this 
cannot be done until a band* of tissue 
that anchors the coverings over the lower 
pole of the testis to the scrotum is first 
snipped through. This band is perhaps 
a remnant of the gubernaculum. In it 
are some small veins. 

The Scrotum is the bag of skin and 
subcutaneous tissues in winch the testes 
lie. It consists of representatives of the 
outer two layers of the abdofninal wall. 
The scrotum has a bilateral origin. It is 
derived from the right and left labio- 
scrotal folds. In the female these folds* 
remain discrete as the labia majora; 
in the male they fuse behind the penis to 
form the scrotum. {Fig, 208,) 

The skin of the scrotum forms a single 
pouch; the subcutaneous tissues of the 
scrotum form a right and a left pouch 
with a common median partition. The 
subcutaneous tissue is continuous with 
the fatty and membranous (Camper and 
Scarpa) layers of fascia on the abdomen, 
and with the fatty and membranous 
(Colies) layers of fascia in the pepineum. 
It is, however, devoid of fat. It is 
laminated and it contains a sheet of in- 
voluntary muscle, the dartos muscle. 
The Dartos adheres to the skin.and causes 
it to wrinkle when cold. Sympathetic 
fibers supply the Dartos. 

Nervks. Branches of the Jst lumbar 
segment, via the ilio-inguinal nerve, sup- 
ply the ventral part of the scrqtum and 
the root oi the penis; branches of the 


(2nd), 3rd, and 4th sacral segments, via 
the posterior scrotal nerves and perineal 
branch of the posterior femoral cutane- 
ous nerve, supply the perineal part of 
the scrotum. Here, then, segments L. 2, 
3, 4, 5, S. 1 (2) are not represented {fig, 
0^7). There is, in fact, here a hiatus or 
break in the numerical sequence of the 
cutaneous npr\Ts which corresponds to 
the segments from which the hpver limb 
derives its nerves {fig. 90). This is com- 
parable to the hiatus on the front of the 



Fig. 2(l7. Descent of the testis, processua 
vaginalis peritonei, and epididymis (side view — 
diagramatic). 


chest where segments C'. 3 and 4 meet 
segriient Th. 2 ow ing to the withdraw^al of 
segments C. 5, 6, 7, 8 and Th. 1 to form 
the brachial plexus. 

V ESSKLS. The blood supply of the scro- 
tum comes from the external and internal 
pudendal arteries and veins. The lymph 
vessels r(4.urn to the superficial inguinal 
glands. 

The Three Coverings of the Testis and 
Spermatic Cord. These arc continuous 
with the External Oblique aponeurosis at 
the subcutaneous inguinal ring, with the 
fascia transversalis at the deep inguinal 
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ring, and with the lleshy fibers of the 
Internal Oblique and Transversus be- 
tween the two rings. The outer and 
inner coverings are known as the external 
and internal spermatic fasciae respec- 
tively; and between them is the middle 
covering or cremaster muscle. These 
tubular coverings tend to form a single 
areolar membrane in which the fibers of 
the Cremaster are spread out in wisps, 
but in a well preserved and muscular 
subject three layers can be dissected. 

Supply, The Cremaster Is supplied by 
segment L. 1 .and 2, via the genito- 
femoral nerve, and by the cremasteric 


— GlaiLb p<^lvl5 



Fio. 208. Tlic scTOtiini a Ijilntcral ontiiin 


(external spermatic) branch of the in- 
ferior epigastric artery. 

The Spermatic Cord consists of repre- 
sentatives of the inner two layers of the 
abdominal wall, that is to say, of peri- 
toneum and ■ subperitoneal fatty-areolar 
tissue; and in the areolar-fatty tissue 
run the duct, vessels, and nerves of the 
testis, and the vessels and nerves of the 
epididymis. These constituents of the 
cord assemble at the deep inguinal ring 
lateral to the inferior epigastric artei;y, 
pass through the inguinal canal, and 
descend in the scrotum to the testis. 

Observe (1) that the cord lies behind 
the Internal Oblique laterally, and in 
front of it m^ially where it forms the con- 
joint tendon; and herq the cord rests on 
the pectineal part of the inguinal ligament 


(lacunar ligament) ; and (2) that, as the 
cord emerges from the superficial inguinal 
ring, it rolls over the pubic tubercle and 
covers it. So, in order to palpate the 
tubercle, it is necessary first to displace 
the cord cither medially or laterally, 
which is easy to do. 

The Constituents of the Cord are: 

1. Representatives of the inner ,two 

layers of the abdominal wall: v 

(a) Processus vaginalis peritonei (fu- 
nicular process and tunica vaginalis) 

(b) Areolar tissue continuous with the 
subperitoneal fatty-areolar tissue. 

2. Structures pertaining to the testis: 

(a) The vas deferens. 

(b) The vessels (artery, veins, and 
lymphatics) and nerves of the testis. 

(c) The vessels and nerves ot the vas 
ileferens and epididymis. 

The Procesms Vntjinolis Peritonei is 
(he lube of peritoneum on which the 
testis is drawn l)y the gubcrnaculum into 
•the scrotum. Its upper part lies in front 
of the vas deferens, and is obliterated 
before birth (f)r within a month after 
birth) and becomes a fibrous thread, the 
funicular process of peritoneum. While it 
remains patent, it conduces to inguinal 
hernia. Its lower part remains patent, is 
invaginated from behind by the testis, and 
is known as the tunica vaginalis testis. 
You will appreciate that though the testis 
migrates into the scrotum, it remains 
subperitoneal in the morphological sense. 

Arcalar TissuCj which is an extension 
of the subperitoneal fatty-areolar tissue, 
surrounds the processus vaginalis and 
forms a bed for the structures passing to 
and from the testis. In it are commonly 
found circumscribed areas of fat, which 
may attain the size of a pigeon’s egg. • 

The Vas Deferens (ductus deferens) is 
the duct that (jonvoys spermatozoa from 
the testis to the urethra. It is the con- 
tinuation of the canal of the, epididymis. 
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In length it equals the femur or the spinal 
cord. Morphologically, it is subperi- 
toneal throughout its course (p. 342). 
Except at its two extremities, which are 
dilated and thin walled, it has a thick 
muscular coat and a capillary lumen; 
hence, it feels firm like a whip cord. It' 
first ascends behind the testis along the 
medial border of the epididymis; it con- 
tinues through the scrotum and inguinal 
canal as the posterior constituent of the 
spermatic cord; it then hooks round the 
lateral side of the inferior epigastric 
artery and descends subperitoneally to 
the postero-lateral angle of the bladder 
and thence to the urethra (p. 321). 

Vessels and Nerves. There are two 
arteries in the spermatic cord —(1) the 
testicular a. and (2) the deferent a. The 
former and larger supplies the testis; the 
latter clings to the vas deferens and 
supplies it and the epididymis. -The two 
arteries anastomose behind the testis; 

The Veins of the Testis and Epididymis,* 
a dozen or so in number, form an anas- 
tomosing plexus which, from its resem- 
blance to a vine, is called the pampini- 
form plexus. The veins ascend in three 
longitudinal groilps: the anterior group 
surrounds the testicular artery; the 
middle group surrounds the vas and its 
artery; the posterior group is alone. At 
the deep inguinal ring the veins are re- 
duced to two or three, and subsequently 
to one. These veins not uncommonly^ 
become varicose (i.e., dilated and. tortu- 
ous), a condition called varicocele (p. 
291). 

Lymph Vessels and. Sympathetic Nerves 
accompany the arteries (p. 219^. 

The Testis {fig. 209). The Testis is 
<tn ovoid gland measuring 1^ x 1 x f 
inches. It is enveloped in the tunica 
vaginalis testis except where the epididy- 
mis and the structures of the spermatic 
cord are attached to its upper pole and 


posterior border. It has a tough , fibrous, 
white, outer coat, the tunica albuginea, 
which is comparable to the sclerotic, 
white, outer coat of the eyeball. Pos- 
teriorly the outer coat is thicker and less 
dense and is kno\vn as the mediastinum 
testis. From the mediastinum fine areo- 
lar septa extend to the tunica albuginea 
and divide the testis into about 250 
elongated pyramidal compartments or 
lobules. In each compartment two or 
more thread-like seminiferous tubules are 
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CcLvliy of tunica, vaginalis 
Cbverinrr«s of testis and cord 
Fio. 209. Right testis in transverse section. 


lodged. Being two feet long they are 
closely packed and convoluted, except at 
the apex of the compartment where they 
join together and take a short, straight 
course, the straight seminiferous tubules. 
In the mediastinum the straight tubules 
anp^stomose to form a network, the rete 
testis. 

From six to a dozen fine ducts, the 
efferent ductules, connect the upper part 
of the rete testis with the head of the 
epididymis (fig. 210). 

The Epididymis js applied to the upppr 
pole and posterior border of the testis. 
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It is somewhat larger in diameter than 
a lead peneil. It tapcis from above 
downwards. It is subdivided into a head 
or upper part, a body or intermediate part, 
and a fail or lower part. It has an at- 
tached, slightly concave, testicular sur- 
face, and a free rounded posterior surfi^ce 
which is largely covered with tunica 
vaginalis testis, that is to say, with peri- 
toneum., A pouch of peritoneum, the 
sinus of the epididymis, dips in between 
the lateral side of the testis and the 
body of the epididymis. It indicates the 
side to which testis belongs, being oh 
the right side of the right testis, and on 


.^VAS 

// DEFERENS 



Fio. 210 The testis and epididymis. 


the loft side of the loft I'Ik' \as 

deferens as(!cnds on the medial side of 
the epididymis. 

Structure. Each of the six to twelve 
efferent ductules of the testis coils to form 
a cone-shaped lobule. The lobules to- 
gether comprise the head of the epi- 
didymis. They open into the duct of the 
epididymis. The duct of the epididymis 
forms the body and tail of the organ. ^ It 
is greatly twisted and folded upon itself, 
and when unravelled it is as long as the 
small intestine, that is twenty feet or so. 
The tail ends in the vas or ductus def- 
erens. Th|^vas deferens is thin-walled 
and twisted where it ascends on the 
medial side of the epididymis, and it 


only acquires its characteristically thick 
muscle w^all and a pin-point lumen near 
the upper end of the testis. 

The head of the epididymis is in struc- 
tural continuity with the testis through 
^the efferent ductules, but the body and 
tail and the vas deferens are merely at- 
tached to the back of the testis by loose 



arcolai tissue and by the reflexion of the 
“peritoneum” on each side; so, they are 
easily dissected from it. 

Vessels and Nerves. The testicular 
vessels (artery, veins, and lymphatics) 
and nerves boro through the posterior 
border of the testis and ramify on tho 
inner surface of tlie tunica albuginea and 
on the septa. The deferent artery clings 
to the vas deferens, supplies it and the 
epididymis, and anstomosesp- freely with 
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the testicular artery })ehind the testis. 
It also anastomoses with the cremasteric 
artery. Tying the testicular artery, 
therefore, does not necessarily result in 
atrophy of the testis. 

The vessels and nerves of the testis., 
like those of the ovary, extend to the 
kidney region where the sex glands de- 
veloped. 


w'ith the lymph vessels of the scrotum 
and penis into the inguinal glands. 

The nerve supply of the testis is de- 
rived from '^rii. 10, the segment that also 
supplies the region about the umbilicus. 
The epididymis is supplied by nerve seg- 
ments Th. 11, 12, and L. 1 via the 
hyp ^gastric plexus ; so, the testis and ep- 
ididymis arc together supplied by the 
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Kig. 212, Some mesonephric tubules become the efTerent (liietulos; others persist as rudimen- 
tary or vestigial struetures. 



The iesticular artery is a branch of the 
abdominal aorta ; the pampiniforrh plexus 
of veins becomes Ji single vessel, the 
iesticular vein, near the deep inguinal ring 
and ascenejs to end in the inferior vena 
cava on the right side, of the body and in 
the left renal vein on the left. 

The lymph vessels of the testis, also 
like those of the ovary, end in glands 
situated between the common iliac vein’ 
and the renal vein {Jig, 211)% It is a 
common efror to suppose that they drain 


same segments as the kidney, namely 
Th. 10, 11, 12, and L. 1. 

The deferent artery is derived from the 
superior or inferior vesical artery; the 
deferent vem ret urns to the vesical plexus. 

Development {fig. 212). The duct sys- 
tem of the testis is of three-fold origin : (a) 
The seminiferous and straight tubules 
and the rete testis are developed from 
anastomosing cords of cells in the' genital 
ridge between vertebral segments L 4- 
The efferent ductules and the 
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lobules in the head of the epididymis are 
formed from the six or more mesonephric 
tubules that succeed in establishing con- 
nections between the rete testis and the 
duct of the epididymis, (c) The duct of 
the epididymis and the vas deferens are 
derived from the Wolffian or mesonephrie 
duct, that is to say, from the duct of the 
primitive kidney. 

The Rvdimeniary Structures about the 
testis and epididymis are 5 in number. 
Of these, 2 are brought into view when the 
tunica vaginalis is opened. They are little 
bodies attached ‘to the upper pole of the 
testis and head of the epididymis. They 
probably represent the cranial ends of the 
Mullerian and Wolffian ducts and are 
known as the appendix of the testis and 


the appendix of the epididymis respec- 
tively. The 3 other rudiments are re- 
vealed only when the epididymis is 
unravelled. They are the remains of 
mesonephric tubules. The ductulus 
aberrans superior is a tubule that has 
joined the rcte testis but not the duct of 
the epididymis; the ductulus aberrans 
inferior is a tubule that has joined the 
duct of the epididymis but not the rete 
testis; and the paradidymis, is a collec- 
tion of tubules that has joined neither. 
It forms a little body in the spermatic 
cord above the testis. These embryo- 
logical remains may become cystic. 

When the testis descends a fragment 
of spleen is rarely, a fragment of adrenal 
gland is occasionally, carried down with it. 



CHAPTER 9 


THE ABDOMINO-PELVIC CAVITY passes through the umbilicus and lies at 
Subdivisions. Before your studies of of the disc between the third 

the abdomen have proceeded far, you will vertebrae. It is true 

find it necessary to relate the various that the levpl of the umbilicus varies 
viscera and other structures to each other somewhat with age, sex, obesjty, and 
and to the surface of the body. This Po^ture, but it is, for all that, a valuable 
you can do readily and most satisfactorily landmark (fig. 213). 
if you employ the vertebral column of the ^o remember the vcrUhral kvels of these 
individual in question as a scale and planes-bctween 1 . and 2, and 


refer structures to their vertebral levels. 



meters think in terms of vertebral heights, between 3 and 4 — should not tax the 
Obviously you will make use of the memory unduly, 
median sagittal plane to divide the body For purposes of elaborate topographical 
into right and left halves. Two horizon- wqfk it is customary to divide the ab- 
tal planes, balled the transpyloric and domen proper into three sections (upper, 
transumbilical planes, are guides to the middle, and lower) by means of twohori- 
vertebral levels. The transpyloric plane zontal planes; and to subdivide each 
bisects the line jqining the top of the section into three by means of two sagittal 
sternum to the top of the symphysis planes; making nine regions in all (fig. 
pubis, and lies at the level of the disc 214). The upper , horizontal plane lies 
between thg first and second lumbar at the level of the lowest points of the 
vertebrae.' The transumbilical plane chest wall seen from the front. These 
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points are on the 10th costal cartilages, 
and not on the 12th or 11th which are 
too short to reach the front. The lower 
horizontal plane lies at the level of the 
highest ])oints on the iliac crests seen 
from the front. These are at the sites 
of the tubercles. The right and kft 
sagittal planes are erected vertically on 
the midpoint of the line joining the cor- 
respondi/)g anterior superior spine of the 
ilium to the top of the symphysis pubis 
This point is known as the rnidinguinal 
point. The names of these planes are: 
subcostal, intertubercular, and right and 
left “vertical Poupart”. 



Pia. 215. The abdornino-pelvio cavity. 

The upper and lower sections of the ab- 
domen receive bony support behind and 
laterally, but the middle or umbilical 
section does not; consequently, it dimin- 
ishes when you sit down and disappears 
entirely when you bend forwards. The 
subdivisions of the abdomen should, 
therefore, be plotted out with the subject 
cither fully recumbent or else erect. The 
upper section rises to the diaphragm and 
is subdivided into epigastric and right 
and left hypochondriac regions; the mid- 
dle section is subdivided into umbilical 
and right left lumbar regions; and the 
lower section is subdivided into h 3 rpo- 


gastric (suprapubic) and right and left 
iliac regions. 

We shall have but little occasion to 
refer to these regions except in a general 
way, as we find it more convenient and 
^ for the most part sufiicient to work with 
vertebral levels. 

A Blank Form. In making an outline 
•sketch uf the anterior abdominal wall of an 
average adult male, which it is profitable to do, 
the following data can be employed. 

Length • (xiphisternal junction to top of 
symphysis pubis)— 37.0 cm. 

Greatest breadth at subcostal plane — 
21.4 cm. 

Greatest breadth at intertubercular plane 
(i.e., between tubercles on iliac crest)— 27.4 cm. 

Subcostal angle— 58-90 degrees. 

Depth of segments: .subcostal — 16.5 cm.; 
umbilical -9.5 cm.; hypogastric — 11.6 cm. 

Interspinous diameter (betw'een anterior 
superior iliac spines)— 23.3 cm. 

Diameter between pubic tubercles — 5.3 cm. 

Length of sternum (manubrium and body) — 

16.7 cm. 

Length of symphysis pubis (true length) — 

4.7 cm. 

The pelvic brim divides the abdomino- 
pelvic cavity into the abdominal cavity 
proper and the true pelvis These two 
subdivisions are set nearly at right angles 
to one another, and it would seem that 
the weight of the abdominal viscera is 
borne largely •by the portion of the an- 
terior abdominal wall lying below the 
level of the anterior superior iliac spines 
and by the posterior surface of the bodies 
and superior rami of the pubes {fig. 
215). 

Protection to Viscera. The abdominal 
viscera lie largely within the thorax and 
pelvis. This statement requires quali- 
fication. Of course the viscera are not 
within the thoracic cavity, for they are 
situated below the diaphragm ; but, since 
the diaphragm rises to the level of the 
fifth rib in the mammary line, the upper 
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viscera are certainly well ensconced 
within the bony thorax. The lower 
viscera lie within the faNe pelvis pro- 
tected behind and at the sides by the ilia. 
In the flanks only the breadth of two 
fingers separates the eleventh ribs from^ 
the iliac crests. The ventral aspect of 
the abdomen, being within the field of 
vision, can be defended by the upper 
limbs and can be protected by bending 
forwards br by curling up; so, it is in less 
need of bony protection. -• 

Definitions. The Peritone'm is an 
areolar membrane covered with a layer 
of squamous epithelial cells, the areolar 
membrane being to the cells what a wall 
is to the wall-paper covering it — necessary 
for its support. In the male the com- 
plicated bum, called the peritoneal cavity^ 
is lined everywhere with peritoneum. In 
the female (a) the ovaries arc covered 
with cubical c(‘lls; (b) the fringes that 
project from the mouths of the uterine 
tubes are coven^d with ciliated (‘olumnai* 
cells; and, ((0 the peritoneal cavity com- 
municates with the exterior through the 
uterine tubes, uterus, and vagina; so, the 
delinition applic^able to the male must in 
three respects be modified for the female. 
The portion of peritoneum lining the 
walls or parietes of the peritoneal cavity 
is called the parietal lui/cr of peritoneum ; 
that covering the organs oi- viscera is the 
visceral layer. The peritoneum forms 
folds or double layers. A fold of peri- 
toneum connecting the stomach* to an- 
other organ is called an omentum; of these 
there are three: (a) the gastro-hepatic or 
lesser omentum, (b) the gastro-colic or 
greater omentum, and (c) the gastro- 
splcnic omentum (or ligament). A fold 
connecting the intestine to the posterior 
abdominal wall and conveying vessels 
and nerves to it is a mesentery. All • 
other folds are called ligametiis. The 


distinction, however, between the three 
terms is not one of importance. 

Identification of the Abdcminal Vis- 
cera. At this stage let tliefollcu ing stri c- 
iures (Jig. 216) he identified: The dia- 
phragnij which foims the roof of the 
al^domcn ; the liver ^ lying above and 
mainly on the right side, is divided into a 
right and a left lobe by the falciform liga- 
ment which conn(*cts the livQr to the 



Fig. 210. Abdominal contents undisturbed. 
G.B, = g^ll bladder; Sp = spleen; D =» cut 
edge of diaphragm. 


diaphragm and anterior abdcminal Avail 
in the median plane; the (.all bladder, 
lying on the under surface of the liver 
reaches to or beyend its sharp, inferior 
border at the lateral margin of the Rectus 
Abdeminis; Ihe stcmcch, above and to 
the left; the .spleen, behind the stcmach 
and in contact Avith the diaphragm. 
Then let the greater cmentim, which 
hangs like an apron frem the greater 
curvature of the stcnulch, be thrown up- 
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wards over th(i costal margin when the 
small intestine^ surrounded by the large 
intestine^ as though by a picture-frame, 
will be seen. The greater omentum, also 
called the gastro-colic omentum, may now 
be followed to the portion of the large gut 
called the transverse colon] the bro^d, 
conspicuous transverse mesocolon, passing 
from transverse colon backwards to the 
'pancreas^ is readily observed, although 
the pancreas cannot be identified at this 
stage. Tlie rounded lower poles of the 
right and left kidneys can and should and 



Fiq. 217. The shaded parts oi the kidneys 
are covered by the greater sac and tiicrfl'ore are 
palpable when the peritoneal cavity is open. 


indeed must be palpat(*d in the upper 
angles of the iiiK^stinal “i)icture fnimo” 
(Jig, 217). It may, however, first be 
necessaiy to steady kidne>' by placing 
the unoccupied hand behind the lumbar 
region and pressing forwards below the 
last rib. The lateral convex border of 
each kidney should be traced above the 
colic flexure and part of the anterior sur- 
face palpated. The empty urinary blad- 
der lies behind the pubis; the rectum lies 
in front of the sacrum. 

The Parts of the Gastro-intestinal 
Canal -or T^ct. 

Before hamling the structures any fur-- 
ther, let the names and general dispositions 


of the various parts of the gastro-intestinal 
canal be learn ed by refermee to figure 218. 
The alimentary or digestive canal is di- 
visible into the following parts: the 
mouth, pharynx, oesophagus, stomach, 
small intestine, and large intestine. 
Only the upper and lower ends of the 
alimentary canal occupy the median 
plane of the body ; these are: the mouth, 
pharynx, and upper portion of the oeso- 
phagus above ; and the lower part of the 
rectum and the anal canal below. The 
stomach and intestines (i.e., from stom- 
ach to anus inclusive) are collectively 
called the gastro-intestinal canal. The 
last inch of the oesophagus and the gastro- 
intestinal canal are situated within the 
abdomen. 

The oesophagus pierces the diaphragm 
less than an inch to the left of the middle 
lin09<and ends at the oesophageal orifice of 
the stomach. The stomach lies to the left 
of the middle line. Its exit, the pylorus, 
’lies less than an inch to the right of the 
middle line in the transpyloric plane. It 
is succeeded by the small gut, which is 
subdivided into 3 parts: intestinum 
duodenum, intestinum jejunum, and in- 
testinuni ileum. The "^intestinum duo- 
denum is the horseslioe-shaped portion of 
the small gut that has lost its mesentery. 
It begins at the pylorus and ends at the 
duodeno-jejunal junction, an inch to the 
left of the middle line just below the 
transpyloric plane, i.e., about two inches 
from where it begins. Having no mesen- 
tery, the duodenum adheres to the struc- 
tures on the posterior wall of the abdo- 
men. On this account and because the 
transverse colon crosses it and adheres to 
it, it is not conspicuous. The intestinum 
jejunum and the intestinum ileum are 
the two parts of the small gut which 
retain their mesenteries. They extend 
from the.,duodeno-iejunal junction to the 
right iliac fossa where the ileum opens 
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into the large uut. The opening is called 
the ileO’Colic orifice. 

The subdivisions of the large intestine. 
are: the vermiform appendix, the intes- 
tiniim cecum, ascending colon, right colic 
(or hepatic) flexure, transverse colon, 
left colic (or splenic) flexure, descending 
colon, pelvic colon, intestinum recdum, 
anal canal, and anus. 


splenic) flexure. From here the descendr 
ing colon descends to the pelvic brim 
where it becomes the pelvic colon. (The 
segment traversing the left iliac fossa 
was formerly called the iliac colon.) As 
pelvic colon it passes to the middle of the 
sacfum where it becomes the intestinum 
rectum. The lower portion of the rectum 
and the anal c-mal pass through the floor 
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Fig, 218. The names of the various parts of the digestive tract and their dispositions. 


The cecum is the blind cul-de-sac 
situated below the ileo-colic orifice. 
The worm-shaped appendix opens into 
the cecum less than an inch below the 
ileo-colic orifice. The ascending colon 
ascends fronj the right iliac fossa, a^oss 
the iliac crest, to the under surffice of the 
liver where, in front of the kidney, it makes 
a bend, the right colic {or hepalic) flexure, 
and becomes the transverse colon, which 
extends across the abdomen to the under 
surface of the spleen where, in front of the 
left kidney, ♦it becomes the left colic (or 


of tlie pelvis and in the perineum open on 
to the surface as the anus. 

Examination of the Gastro-intestinal 
Canal. By inspection and by handling 
proceed now to examine the abdomined por- 
Hens of the alimentary canal. The last 
inch of the oesophagus lies in a groove on 
the posterior aspect of the attenuated 
left lobe of the liver. The stomach has an 
entrance and an exit: the one, the oesoph- 
ageal or cardiac orifice, is situated an 
inch to the left of ;the middle line behind 
the 7th costal cartilage; the other, the 
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pylorus, is situated an inch or less to the 
right of the middle line on the trans- 
pyloric plane The two borders of the 
stomach extend between these two ori- 
fices. The upper border or lesser curva- 
ture is short and concave and, with the 
first inch of the duodenum, gi\ es attairh- 
mont to the lesser or gastro-lippalic omen- 
tum, The lower border or greater curva- 
ture is long and convex and, with the first 
inch of the duodenum, gives attachment 
to a large peritoneal fold of whicli the left 
portion is the gastro-splenic omentum^ 
and the lower portion is the greater or 
gastro-colic omentum, 

CARDIAC NOTCH 



PY. CANAL PY. antrum 

Fig. 219. The parts of the stomach. 

The stomach is subdivided thus: a line 
drawn horizontal!}^ at the level of the 
oesophageal orifice separates the fundus 
from the hodij. An oblique line joining 
an indentation on the lesser curvature 
(incisura angularis) to the greater curva- 
ture separates the body from the pyloric, 
end of the stomach. Another oblique 
line passing from an indentation on the 
greater curvature (sulcus intermedius) 
to the lesser curvature subdivides the 
pyloric end into a large chamber, the 
pgloric antrum, and a more tubular por- 
tion, the pyloric canal. By invaginating 
the anterior wall of the stomach with the 
index Iinge||^nd the anterior wall of the 
duodenum with the thumb, the tips of 
these two digits can be made to meet in 


the lumen of the pylorus and the thick- 
ness of its sphincter gauged (Jig, 219), 
The duodenum is the fixed part of the 
small gut or the part that has lost its 
mesentery. Though ten inches in length 
< its two ends are but two inches apart, 
for it begins at the pylorus, which lies on 
the transpyloric plane less than an inch 
to the right of the middle line, and' ends 
at the duodeno-jejiinal junction, wllere it 
is continuous with the jejunum, an inch 
to the left of the middle line and a little 
below the transpyloric ])lanc. It is 
moulded around the head of the pancreas 
and is horseshoe-shaped. It is sub- 
divided into a 1st or superior part, a 2nd 
or descending part, a 3rd or horizontal 
part, and a 4th or ascending part. The 
2nd part is largely concealed by the 
transverse colon which crosses it and 
adheres to it. 

The remainder of the small gut retains 
its mesentery and extends from the 
duodeno-jejunal junction to the ileo- 
colic orifice, which is situated in the 
right iliac fossa where intertubercular 
and vertical Poupart planes intersect. 
Though a space of but 6 inches divides the 
two points, the gut, under dissecting 
room conditions, steers a varying course 
of 20 odd feet between them. The root 
of the mesentery of the gut is attached 
diagonally across the posterior abdominal 
wall between the two points and is, 
therefore, also six inches long, while 
its intestinal border is elaborately ruffled 
and frilled to accommodate the gut. The 
small intestine is so convoluted and 
motile that you can pasa many feet 
of it through your hands without being 
able to decide whether it is leading you 
to its duodenal end or to its cecal 
end. But, by the simple device of 
placing a hand on each side of the 
mesentery and drawing the fingers for- 
wards from root to intestinaF border, the 
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convolutions are locally untwisted and 
the direction of the gut rendered quite 
obvious. 

The first coil of the jejunum and the 
last coil of the ileum are parallel to each 
other; the former passes do\\nwards and 
to the left in front of the left kidney, the 
latter passes upwards and to the right 
out of the pelvic cavit}^ (fg. 218). 

jejunum contrasted with the ileum. 
The upper two-liftlis of the free part 
of the small gut arc called jejuAiim, the 
low^er three-fifths ileum. The jejunum 
has a' greater digestive surface than the 
ileum, on account of the facts that its 
diameter is greater; its spirally arranged 
folds of mucous membrane, called plicae 
circularcs, are bigger and more closely 
packed; and its minute (ingcr-like projec- 
tions, called villi j are larger and more 
numerous, fts walls therefore feel thick 
and velvety. The w'all of the smaller 
calibred ileum with its fewer plicae and 
villi may be almost parchment-like in 
thinness. Follicles of lymphoid tissue arc 
scattered throughout the small and the 
large gut, and in youth aggregated lymph 
nodules (Foyer’s patches), from one to two 
inches long and half-an-inch w^ide, arc 
vbible in transmitted light throughout 
the ileum and in the lowest part of the 
jejunum. They are situated only at the 
anti-mesenteric ^ border. The fat, nor- 
mally present in the mesentery, creeps 
along the vessels on to the ileal wall but 
fails to reach the jejunal wall; hence, 
there arc traaslucent ‘‘windows” in the 
mesentery at the edge of the jejunum. 
Further, on bolding the gut and mesen- 
tery to the light, the disposition of the 
vessels is seen to become progressively 
more complex from the beginning of the 
jejunum to the end of the ileum; thus, 
the vasa recta or straight terminal 
vessels to the upper quarter of this sec- 
tion of the gut spring from a single sys- 


tem of arcades; to the 2nd quarter from a 
double system of arcades; to the 3rd 
quarter from a treble system; and to the 
last quarter from a system of four arcades. 
At the same time the vasa recta become 
^progressively shorter. "J'he vasa recta 
pas§ more or less alternately to opposite 
sides of the giit, where they arborize. 
Now, the vasa recta are end-arteries; i.e., 
they themselves do not anastorpose al- 



Fig. 220. The arteries of the jejunum (from 
an injected specimen). 



Fig. 221. The arteries of the ileum (from an 
injected specimen). 


though their capillary arborizations in 
the gut wall do so. If, therefore, one 
vas re(!tum is ob.structed, the mainte- 
nance of the circulation within its terri- 
tory is precariously dependent on capil- 
lary anastomoses {figs. 220 ^ 221). 

The large gut forms 3^ sides of a square 
around the small gut; so, by their relative 
positions the one may be told from the 
other. The outer longitudinal muscle 
coat of the large gut does not form a com- 
plete coat, as in the small gut, but it is 
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arranged in three narrow bands, the 
teniae coli, which, being shorter than 
the gut itself, cause it to be gathered up 
into sacculations. As evidence of this, 
observe tliat if the teniae are cut the 
sacculated form is lost. Peritoneal bags , 
of fat, appendices epiploicae, hang fsom 
the large gut throughout its whole length 
(fig, 222), Phosc from the appendix, 
cecum, rand rectum generally contain no 
fat, and resemble the appendix of the 
testis; they may be absent. Most ap- 



Fio. 222. Segment of large intestine show- 
ing one of the three taoniao, sacoulations, an»l 
appendices. 



Fia. 223. Primitive raesentory of the largo 
gut in various stages of absorption. 

pendiccs arc attached to tlie (!olon be- 
tween its ^‘inner margin’^ and the ante- 
rior tenia, but in the iliac and pelvic 
colons they are in two rows, one on each 
side of the anterior tenia. Size alone 
does not necessarily distinguish large ^t 
from small gut, the descending colon 
having commonly a calibre less than that 
of the small gut. The primitive mesen- 
tery, possessed by the large gut in foetal 
life, is coniilantly retained by the trans- 
verse and pelvic colorfs, while the appen- 
dix acquires a mesentery, and the cecum 


is free. The extent to which the ascend- 
ing and descending colons lose their 
primitive mesenteries varies (fig. 223): 
the mesentery may persist (a) wholly, or 
(b) in part; but usually the loss is com- 
plete the colon being either (c) sur- 
rounded with peritoneum on all sides, or 
(d) surrounded on three sides and bare 
posteriorly. 

The ccciiin is free and eommohly lies 
in the right iliac fossa below the inter- 
tubercul^r plane and lateral to the verti- 
cal Poupart plane. Its rounded lower 
end (or fundus or caput) often hangs over 
the pelvic brim. The cecum may have 



Fig. 221. The various sites assumed by the 
vermiform appendix and their approximate* 
frequencies. (After Wakcley.) 

a sliort mesentery or even two mesen- 
teries, a medial and a lateral, with a cul- 
de-sac, the retrocecal fossa, extending 
upwards between them. When present, 
this fossa usually contains the appendix. 
An extensive retrocecal fossa (i.e., one 
extending upwards behind the ascending 
colon) is, of course, a retrocelic fossa. 

The v&rmiform appendix (vermiform 
process) in fetal life opened into the apex 
of the cecum, now it opens into the cecum 
an inch or less below the ileo-colic junc- 
tion. Like the hands of a clock, the ap- 
pendix Inay be long or short, and may 
occupy any position conais£ent with its 
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length. In 10,000 cases Wakelcy found 
it to be either postcecal or rctro-colic in 
65.28 per cent; pelvic (on the Psoas, near 
or hanging over the pelvic brim) in 31.01 
per cent; and rarely elsewhere; i.c., sub- 
cecal, preileal, postileal, or ectopic, e.g., in. 
a hernial sac {fig, 224 ). 

A triangular fold of peritoneum, known 
as the meso-appendiXj attaches the appen- 
dix t6 the terminal part of the left (lower) 
layer of the mesentery of the ilium; but 
retrocecal and retrocolic Appendices 
commonly lose their mesenteries and 



adhere to the posterior abdominal wall 
or to the cecum. The appendix has a 
uniform external coat of longitudinal 
muscle fibers. At its base these fibers 
separate into the three teniae coli which 
remain discrete till they reach the rectum 
when they Sorm for it a nearly uniform 
coat again. The ascending colon, like 
the cecum and appendix, rests on the 
strong fascia iliaca in the false pelvis ; it 
then crosses the iliac crest and ascends 
in front of the Quadratus Lumborum and 
Transversus Abdominis to the under 
surface of the liver where, in front of the 


lower pole of the right kidney, it makes a 
right-angle bend, the right colic {hepatic) 
flexure, and becomes the transverse colon 
{figs, 225, 301), Resting on the trans- 
verse colon are: the right lobe of liver, 
the body of the gall bladder, the quadrate 
lobe of the liver, and the greater curvature 
of the stomach. The lower border of 
the transverse colon is attached to the 
lower border (greater curvature) of the 
stomach by the greater omentum. The 
upper border is slung from the anterior 
aspect of the body of the pancreas by a 
semilunar, double layer .of peritoneum, 
called the transverse mesocolon. The right 
extremity, however, crosses and adheres 
to the anterior aspects of: the right 



Fid. 220. The attachment of the transverse 
mesocolon (shown by dotted lines). 


kidney, the second part of the duodenum, 
and head of the pancreas {fig, 226). 
Thus, the right extremity is fixed; the 
remainder is free and hangs down for a 
varying distance but ascends again in 
front of the descending colon, and makes 
with it an acute angle at the left colic 
flexure. The left colic {splenic) flexure 
is attached to the diaphragm below the 
spleen, and therefore at the level of the 
Ifth rib {fig, 236), by a bloodless fold of 
peritoneum, the phrenico-colic ligament. 
The descending colon, often much reduced 
in calibre, descends, crosses the iliac 
crest, and proceeds across the iliac fossa 
to the pelvic brim where it becomes the 
pelvic colon. (This iliac portion of the 
colon may be called the iliac colont) 
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The 'pelvic colon has a mesentery, the 
pelvic mesocolon^ whoso root runs a 
A-shaped coiij-sc: (a) upwards along the 
pelvic hrirn (nctiuilly, along the medial 
border of the Psoas) and then (b) down- 
wards in front of the sacrum as far as its 
middle or third piece. Ils appendi<?cs 
cpiploicao are very long fatty tags. 1'he 
pelvic colon may be of the short or long 
type — 8 Huches to 18 inches. The long 
type crosses to the right of the i)elvis 
and returns before taking the restricted 
course of the short type. The long type 
may be regarded as the short type to 
which a loop has been added. The long 
loop type is apt to rotate and become 
twisted on itself, thereby causing intes- 
tinal obstruction. Whore the mescntcTy 
of the pelvic colon coas(\s, there the 



Fig. 227. Tho ReMifr.nl .sliarjc nf the liv 


rectum is said to begin; usually tliis is at 
the 3rd piece of the sacrum. 1 ijc rec- 
tum lies in the pelvis and iU will be 
studied with the pelvic organs. 

The Viscera in the Upper Regions of 
the Abdomen and Their Peritoneal 
Connections Are Now to be Ex- 
amined and Handled, in order that 
this may be done, the greater omentum, 
wliich was thrown up, must now be 
thrown down again. You should satisfy 
yourself thoroughly on each point men- 
tioned, either on the body you arc study- 
ing or on another. Perform no dissec- 
tion until page 247 is reached. 

The Liver (hepar, 1^.) is a soft, pliable 
organ, which is moulded by its surround- 
ing str'uctugfe. It owes to them its ever 
changing form. The ‘hardened liver is 
shaped like an oblong block bisected 


diagonally and with its inferior .surface 
whetted away posteriorly (fig. 227). Its 
anterior, superior, and right lateral 
aspects are covered with peritoneum, and 
arc- applied to the diaphragm and ante- 
fHor abdominal wall, and by them are 
rounded into one extensive, smooth, con- 
vex surface. The posterior surface also is 
in contact with the diaphragm, but it can- 
not be se(ui just now (Jig. 233). ' The 
remaining surface is the inferior or vis- 
ceral surface. It is separated from the 
large, convex surface' by the sharps in- 



I'lG 22.S. Tho four relations of the gall 
bladder (sagittal seetion). 

fcrior border j aud it bears the impress of 
ever^^ strueture in coni act with it. 

The Gall Bladder is divided indefin- 
itely m\o~- fundus j bofly, and neck. The 
fundus of tlie gall bladder proj('c(s be- 
yond the sharp, inferior l)order of the 
liver and comes into eontaet with the 
anterior abdominal wall wherz^ the lateral 
bonier of the Rectus crosses the costal 
margin (fig. 107). The body and neck 
run doi-sally on the inferior surface 
of the liver, to which they adhere, to the 
right end of' the porta hepatis. The 
porta hepatis is the main door through 
which tlie vessels, nerves, and'ducts enter 
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and leave the liver. It is a transverse 
fissure in the liver substance to which the 
right half of the lesser omentum is at- 
tached. You have seen that the trans- 
verse colon crosses the second part of the 
duodenum. Kestore structures to their' 
places and note that the gall bladder 
rests on the duodenum and on the colon; 
and yiat a gall-stone could penetrate its 
way tlirough the walls of the gall bladder 
into: (1) the liver substancej, or after 
traversing the j^oritoncal cavity, (2) into 
the duodenum, (3) into the colon, or (4) 
through the anterior abdominal wall. 
For these four striictuies are the imme- 



Fio. 221). Showing why the gall bladder 
serves as a guide to the mouth of the lesser 
sac of peritoneum. 

diate relations of the gall bladder (fig. 

A gall bladder is present in mo.st species 
of fish and in orders of 'vertebrates .higher 
than fish. It is curiotis that it should 
be present in most species of birds but 
absent in the pigeon; present in the ox, 
sheep, goat, 'and pig, but absent in the 
horse and deer; present in the guinea pig 
and rabbit, but absent in the wdiite rat; 
and generally absent in the cetaceae. 

The Mouth of the Lesser Sac 
(Epiploic Foramen). The term “lesser 
sac’' p ’esupposes a “greater sac”. The 
general pe.itoneal cavity is to be thought 


of as the greater sac. The gall bladdcir 
serves as a guide to the mouth of a peri- 
toneal diverticulum, called the lesser sac 
of peritoneum. This is because the cystic 
duct, which drains the gall bladder, lies 
in the free edge of the lesser omentum; 
ancl tlie mouth of the sac lies behind this 
free edge. If, then, the left index 
finger follows along the fundus, body, 
and neck of the gall bladder, it will arrive 
at the cystic duct and the free edge of the 
lesser omentum; and, on slipping behind 
this free edge, it will enter the mouth 
of the lesser sac. In shape, the lesser 
sac is not unlike an empty, rubber hot- 



Fio. 2:i0. Palpating the hilum of the spleen 
while its pedicle is clamped between two hngers 
ot the right hand. 


water-bottle, placed horizontally with 
its narrow, mouth opening to the right. 
(Figs. 229, 230.) See also p. 247. 

The Peritoneal Attachments of the 
Spleen (Lien, L. = Spleen). To find 
the spleen you should stand on the right 
side of the body, as so doing will allow" 
you to thrust your right hand above the 
phrenico-colic ligament into the left hypo- 
chondrium and wdth the backs of your 
fingers to follow' with comfort the dia- 
phragm round to the back. The 
spleen w-ill then lie wdthin your palm. 
You have, so to speak, scooped it into 
your hand. It is situated further back 
than you perhaps thought. Adhe,sions 
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that can be broken down with the fingers 
sometimes cause the spleen to adhere 
loosely to the diaphragm. After con- 
sulting figure 230, verify that in the fore- 
going maneuver your fingertips passed 
from the diaphragm across the anterior 
surface of the left kidney until arrested 
by the lieno-renal ligament^ which, as its 
name implies, passes from spleen to kid- 
ney. A second duplicature of peri- 
toneum, continuous with the greater 
omentum, passes from the greater curva- 
ture of the stomach to the spleen; this 


Upper recess 


Lesser omentum- 





Lower recess — -jj-^ | 

Greater \\lj Transverse 

omerttuLm mesocolon, 

FfO. 231. Showing the vertical extent of the 
lesser sac. The arrow passes through the 
mouth of the lesser sac. 

is the gnstro-splenic ligament (or omen- 
tum). These two ligaments suspend the 
spleen between the kidney and the stom- 
ach, and form a stalk or pedicle for it. 
Vessels run between their layers. 

The Pedicle of the Spleen : The Leaser 
Sac of Peritoneum (Omental Bursa). 
Wliile still standing on the right side of 
the body, run your right middle finger 
upwards between the kidney and the 
spleen, and your right index finger up- 
wards bijtw^een the stomach and the 
spleen. The “pedicle or stalk’' of the 
spleen now lies in the cleft between these 


two fingers as though in a clamp. The 
pedicle has a free lower border (and a free 
upper border) or you could not grasp it 
as you are doing. Its linear site of at- 
tachment to the spleen is around the 
' hilum. Clamped between your index 
and middle fingers are four layers of 
peritoneum. Of this you can satisfy 
yourself by passing your left index finger 
through the mouth of the lesser sac and 
across the abdomen, behind the stomach, 
till it touches the spleen between your 
two right fingers which are clamping the 
“pedicle”. If your left index will not 
reach all the way, pass it as far as it will 
go, tear through the lesser omentum over 
its tip, withdraw the finger, and reinsert 
it at the half-way opening just made. 
The hilum of the spleen, which you are 
palpating, is situated at the left extremity 
of the lesser sac. To explore the lower 
limit of the sac, pass your left index 
through its mouth and downwards 
behind the stomach and anterior two 
layers of greater omentum and in front 
of the pancreas, transverse mesocolon, 
transverse colon, and posterior two layers 
of the greater omentum. If the lower 
limits of the sac are shut off from the 
main portion, they can be investigated 
after snipping through the anterior two 
layers of the greater omentum below the 
stomach. To explore the upper limit 
of the sac, pass the right ihdex through 
its mouth and upwards in the median 
plane between the liver and the dia- 
phragm {fig. 231). 

The Peritoneal Attachments of the 
Liver. The falciform ligament of the liver 
is developmen tally “the mesentery of 
the vein” which before birth returned 
purified blood from the placenta of the 
mother to the liver of the fetus. After 
birth, this vein, the left umbilical vein, 
becomes a fibrous cord, tl^e ligamentum 
teres hepatis or round ligament of the liver. 
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Accordingly, the falciform ligament has 
the round ligament in its free border; its 
convex border is attached to the anterior 
abdominal wall and diaphragm in the 
median plane; and its concave border is 
attached to the convex surface of the 
liver — not in the median plane but — as 
far to the right of the median plane as the 
ligament is wide. Hence, the falciform 
ligament tends to prevent displacement 
of the liver to th(' right. Pass a hand 
backwards on each side of the*falciform 
ligament to where the peritoneum is re- 
flected from the superior aspect of the 
liver on to the diaphragm, and follow the 
reflexion to right and left to the respective 
triangular ligaments, which will l)e de- 
scribed in a moment {fig. 273), 

The left umhilicaL vein of prenatal life — 
which becomes the round ligament of 
postnatal life — extends in the free edge 
of the falciform ligament from the umbili- 
cus to a notch on the sharp inferior 
border of the liver; thence it runs sagit- 
tally at the bottom of a fissure on the 
inferior surface of the liver to the left 
end of the porta. Before birth the left 
umbilical vein opened for a short time 
into the left portal vein and, so, poured its 
blood into the liver. But the necessity 
for sending through the liver blood 
that had been purified in the placenta 
was overcome by the development of 
another vein, the ductus venosuSy 
which serves as a short-circuit or by-pass. 
It connects the ^lgf^j;()rtal ye^^ the 
inferior vena cava, just below the 
diaphragrn (fig, 232), The ductus veno- 
sus is obliterated after birth and becomes 
the ligamentum venosum. It continues 
the sagittal course of the umbilical vein, 
at the bottom of a fissure on the posterior 
surface of the liver. The fibrous remains 
of these two obliterated veins can be 
dissected when the liver is removed or 
can be seen th a museum specimen. The 


falciform ligament, the round ligament, 
and the ligamentum venosum divide the 
liver into a right and a left lobe. 

The lesser omentum extends from the 
lesser curvature of the stomach and first 
• inch of the duodenum to the fissure for 
the lig. venosum and to the porta he- 
patis (fig, 232). 

The triangular ligaments are the sharp, 
bloodless, peritoneal folds at the»extreme 
right and left limits of the attachment of 
the liver to the diaphragm (fig. 233). 


PORTA nssuRE; roa lig. venosum 



Fig. 232. The attachments of the lesser 
omentum. (A section has been taken from the 
liver to show the fissure for the ligamentum 
venosum.) 


They lie at the (diagonally) opposite 
ends, of the posterior surface of the liver. 
The left triangular ligament is an exten- 
sive fold which can be clamped between 
the right index and middle fingers much 
as can the “pedicle’’ of the spleen. 
(Actually, it is attached far, back on the 
upf)er surface of the left lobe.) The 
right triangular ligament is less well 
marked. It is attached to the right 
inferior end of the posterior surface of 
the right lobe. Its two layers at once 
diverge and, as the upper and lower 
layers of the corondry ligament^ limit the 
bare area on the back of the liver above 
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and below. The upper layer of the of the coronary ligament) to the left — 
coronary ligament is reflected from the the finger keeping contact with the liver 
right lobe of the liver on to the dia- —it will slip along the caudate process, 
phragm. Jt is continuous witii the right above the 1st part of the duodenum, and 
layer of tlu? falciform ligament. The behind the free edge of the lesser omen- 
loAvcT layer is reflected from the inferior turn, through the mouth of the lesser 
surface* of tlie liver on to the rigid kidney sac. Even though you make allowance 
(and rigid adrenal gland, and i. v. cava) ; for the forw'ard curvature of the vertebral 
so, it is synonymously calk’d the hrpalo- column, your finger may catch on the 
renal liffomen/. ]k‘lo\v the* hepat e)-ronal inferior vena cava, which forms the poste- 
ligamcnt tliere is a ix'rilonenil sj)ace, (lie rior relation of the mouth (Jig, 230). 



Fio. 233. The coronary and trianmilar ligaments of the liver. (The attachments of the liver 
are cut through, and the liver is turned to the left, as you wouI»l turn the page of a book. Hence, 
the posterior aspect of the liver ia revealed on the left page and its posterior relations on the right 
page. The arrow passes through the nioUth of the lesser sac.) 

hepato-renal pouch of Morison (JUj. 220), Previously the gall bladder was your 
This pouch is bounded ventrally by liver, guide to the mouth of the sac (page 231), 
(lorsally by kidney, and caudally by Pass now the right index finger through 
colon and duodenum. It is surgically the mouth of the sac and upwards in the 
important : (a) the lesser sac opens into median plane between di&phragm and 
it; (b) the gall bladder and (c) duo- liver. The finger is in the upper recess 
denum may rupture into it; and (d) of the lesser sac. This recess, which 
fluid travelling from a ruptured appendix is large enough to admit two fingers, is 
upwa^rds, lateral to the ascending colon,, limited above, as you can verify, at the 
could entir it. falciform ligament; on the left, at the 

If you run your loft index finger along fissure for the ligamentum venosum; 
the ^hepato-renal ligament (lower layer and on the right, at' the inferior vena 
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cava, which occupies the left part of the 
bare area of the liver. Clearly, the right 
limit of the recess is also the 3rd side 
or base of the coronary ligament; and 
the right triangular ligament is the apex. 
The corona limiting the bare area (that, 
is the area devoid of peritoneum) is 
therefore not circular but triangular. 
The area of liver bounding this recess is 
the ettvdate lobe^ or lobe with the tail; 
the tail or caudate process being the 
narrow isthmus of liver bounding the 
mouth of the sac above. 

The Spleen (continued from p. 232). 

A tliiii peritoneal-covei-ed, and easily 
tom capsule encases the soft, vascular 
spleen, which is moulded hy the struc- 
tures in contact with it. U is much 
larger in life. It has a parietal surfacre 
in conta<;l with the diaphragm and tlierc- 
forc c-onvex; and a visceral surfac(i 
shared urieciually hy stomach, kidney, and 
colon., and therefore subdivided into three 
concave areas, varying in shape and ex- * 
tent with the degrees of distension of these 
organs, and separated from each oilier 
by three rounded radiating borders (figs. 
234, 235). 

The most pronounced feature of the 
spleen is the notche.s on its anterior 
border. This notched anterior border is 
part of the general “circumferential’^ or 
“peripheral” border that separates the 
parietal from the visceral surface. The 
hilum is situated on the gastric surface; 
vessels and nerves penetrate the hilum; 
the pancreas abuts against it; and the 
lieno-renal and gastro-splenic ligaments 
are attached Jo it. Supporting the spleen 
is the phrenico-colic ligament. • 

Svrface Anatomy. The spleen lies 
deep to the 9th, 10th, and llih left ribs. 

Its long axis follows the 10th rib and ex- 
tends from, or almost from, the adrenal 
gland to the mid-axillary line. Separat- 
ing it from 'the ribs are the peritoneal 


cavity, the diaphragm, and the pleural 
cavity; in its upper half the left lung also 
intervenes {fig. 236). 

Development {figs. 249, 250). The 
spleen develops in the left layer of the 
primitive dorsal mesogastrium and draws 
upon the nearest artery to the stomach 



Fig. 231. The visceral surface of the spleen 
and its “circumferential** border. 



Fi 8. 235, The parietal (diaphragmatic) sur- 
face of the spleen. 

for its blood supply. This artery be- 
comes the splenic artery of adult anat- 
omy while the short gastric and left 
ga»tro-cpiploic arteries come to be de- 
scribed as branches of the splenic artery. 

In fetal life the body and tail of the 
pancreas lie with the splenic a tery be- 
tween the layers of the p imitive dorsal 
‘mesogastrium and the t*ip of the tail 
extends to the spleen. Between the 
median sagittal plane and the middle of 



230 


A MMHOD OF ANATOMY 


the left kidnoy tlie primitive dorsal 
mesogastrium is lost; the remainder be- 
comes the lipiio-rerial and gastro-splenic 
ligaments (Jhj 

Varialiom. Accessory spleens, the 
size of large lymph glands, are not un- 
common near the spleen between ^he 
layers of the gastro-splenic ligament. A 
fragment of the spleen rarely descends 
with the testis. Usually there are two 
notches on the anterior border of the 
spleen, but there may be more or none. 



Fig. 2S0. Corona! section in the niidaxillaiy 
line. (Star maiks tlie costodiaphraginafic 
recess.) 

Fissures commonly occur on the posterior 
border and on the diaphragmatic surface. 

The Ever Changing Positions of the 
Abdominal Viscera. The positions of 
the various abdominal viscera vary con- 
siderably from subject to .subject, de- 
pending largely upon the body build — 
upon whether the subject is of the broad 
type (when, characteristically, they ‘are 
placed high in the abdomen) or of the 
intermediate and slender types (when 
they are placed lower) {fig. 768, 769). 
Now, in life the viscera are not station- 
ary, as aft^doath, but are ever changing’ 
both their*hapes and their positions. 
They move with the movements of the 


diaphragm and of the anterior abdominal 
wall. They move when the posture al- 
ters, being highest when the subject is 
recumbent, lower when he stands, and 
still lower when he sits— the Transversus 
« Abdominis being then less active {fig, 
237). They rise when the anterior ab- 
dominal wall is voluntarily retracted. 
The size of the hollow organs (e.g., stom- 
ach, intestines, bladder, and uterus) vary 
as they fill and empty, and they vary 
with the Hone of their muscle coats (e.g., 
fear and other emotions result in relaxa- 
tion of the stomach so that the greater 
curvature suddenly falls). The shapes 
of the so-called solid organs, particularly 
the liver and spleen which are virtually 
soft sponges filled with blood, depend 
largely upon the degree of distension of 
the contiguous hollow organs. 

The following data are submitted for 
your appreciation — not for you to memo- 
rise. 'i'hey are based largely upon ex- 
tensive radiological work done by Moody 
and V«an Nuys on healthy adult male and 
female students. The oesophageal onfiice 
of the stomach, being relatively fixed by 
the diaphragm, is nearly stationary. 
'File lowest point on the greater curvature 
of the empty stomach, in healthy male 
students when erect, varies in level from 
vertebra L. 1 to S. 1, and when supine 
from Th. 12 to L. 5. {Jig. 238- A), In 
any subject it is lowest in the erect pos- 
ture, and on an average it rises the height 
of a vbrtebra on assuming the prone pos- 
ture (face downwards), and of another 
vertebra on assuming the supine (face 
upwards). Similarly, the position of the 
pylorus ranges from the level of L. 2 to 
L. 5 in the erect posture, and from Th. 12 
to L. 4 in the supine {Jig. 238- B), and 
horizontally, it ranges between 7 cm. to 
the right of .the median plane and 5 cm. 
to the left. In any subject, on changing 
from the erect posture to the supine, it 
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moves from 2 cm. to 10 cm. (usually 6 
cm. to 8 cm.). On changing from the 
erect posture to the prone, and again from 
the prone to the supine, it moves upwards 
and to the right (e.g., in the erect posture 


tion of its position when standing up; it 
moves from 1 cm. to 16 cm. 

The neck of the pancreas is held firmly 
between the coeliac and s. mesenteric aa. 
The duodenum and the head of the pan- 




Fig. 238. night: — Frequency distribution (in percentages) of the relation of the lowest part 
of the greater curvature of the empty stomach to the vertebral column in healthy adult males 
(172 erect, 41 supine). Left: — Frequency distribution (in percentages) of the relation of the 
pylorus to the vertebral column in healthy adult qiales (So erect, 41 supine). (Based on the 
work of Moody, van Nuy's and Kidder.) 


34 per cent of pylori are to the left of the 
median plane, but in the supine only 8 
per cent). The greater curvature and 
the pylorus are usually lower.in th^ female 
than in the male. The position of the 
stomach when lying dpwn is no indica- 


creas are suspended from the liver by the 
bile passages, hepatic a., and portal vein. 
They can, however, slide downwards on 
the areolar bed behind them, provided 
the liver adjusts its shape (fig, 280). 

The caecum in fetal life lies below the 




238 


A METHOD OF ANATOM V 


right lobe of the liver; thence it descends 
to the right iliac fossa. Tliis descent may 
be incomj)lcte; on the other hand, in 91 
per cent of students the lowest part of 
the caecum is below the iliac fossa. The 
traim^ersc colony in the erect posture, is 
most commonly U- or V-shaped, its low- 
est point most often being 3 to 4 inches 
below the interiliac line (i.e., a line joining 
the higliQst points on the iliac crests). 

The liver and spleen also vary in posi- 
tion. The greatest height of the right 



FiCi. '230, Structures in the umbilical coitb 
(After Cullen.) 

lobe of the liver in the erect posture varies 
from 15.5 to 25.5 cm, (average 20 cm.). 
In 50.2 per cent of males and 34 per cent 
of females the lower end of the right lobe 
lies below the interiliac line, as much as 
6.0 cm. The average excursion made by 
this lower end, on changing from the ciK'ct 
posture to the supine, varies from 0 cm. 
to 10.9 cm. (average 2.5 cm.). In the 
cadaver the lower limit of the spleen 
usually reaches the level of vertebra L. 1 ; 
but ill the li.ying of both sexes when erect 
it varies fr(^ L. 1 to^L. 5 (average L. 3). 
The spleen is smaller after death, after 


exercise, and after haemorrhage or after 
giving blood for transfusion. 

The kidneys. The commonest posi- 
tion of both kidneys in both sexes is 
opposite the upper 4 lumbar vertebrae, 
when the subject is erect; and opposite 
the 12th thoracic and upper 3 lumbar 
vertebrae, when the subject is supine. 

With the subject supine, the caudal 
pole of the right kidney is below I^ 3 in 
38% of the men and in 48% of the 
women; whereas this pole of the left 
kidney is below L. 3 in 17% of the men 
and only 9% of the women. 

The excursion of the kidneys due to 
forced respiration varied from 0.1 cm. 
to 6.5 cmm. 

In addition to an upward and down- 
ward movement of the kidneys, there is 
a movement of the poles (one or other, 
or both) to or from the mid-line of the 
body, ranging from 1 mm. to 25 mm. 

The Umbilicus. When the umbilicus 
• or navel is examined from its peritoneal 
aspect, four fibrous cords are seen radiat- 
ing from it. They are the obliterated 
remains of four tubes which in fetal life 
traversed flie umbilical cord {ftg. 2S9). 
'lliev are named, the ilrachus, the right 
ami left uinbilieal arteries, and the left 
umbilieal vein. Ea(^h of the four may 
pnxliice for itself a peritoneal fold or 
mesentery; but whether lying in peri- 
toneal folds or not, they are all situated 
in the siibperitoncal fatty-areolar layer 
(layer 7) of the anterior abdominal wall, 
and it would be*, to no purpose that you 
search for them in other layers {figs. 20S, 

240 ) • 

The ur(ichus or obliterated allantoic duct 
ascends in the median plane from the 
apex of the urinary bladder to the umbili- 
cus. (In the embryo chick the allantoic 
duct leads to a collapsed, vascular, 
respiratory sac, called the allantois, 
which lines the inner surface of the egg 
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shell.) On each side of the urachus an 
obliterated umbilical artery proceeds from 
the inlernal iliac artery to the umbilicus. 
(In the chick embryo these arteries 
supply the allantois; so, they are called 
the allantoic arteries.) In the humarv 
embryo the allantois is rudimentary; its 
duties are assumed by the placenta; and 
the allantoic arteries become the pla- 
centSl arteries. After birth the umbili- 
cal cord is cut and the arteries thereafter 
become the obliterated umbiliefal arteries. 
Hence, the adjectives — allantoic, pla- 
cental, and obliterated umbilical — record 
stages in the evolutionary history of 
these arteries. In adult man, as we shall 
see, the stem of the obliterated umbilical 
artery is pervious and sends superior 
vesical branches to the urinary bladder 
from which the urachus springs. (Wide 
of these on each side an inferior epigastric 
artery passes from the external iliac 
artery to the rectus sheath — occasionally 
in a pronounced fold.) Before birth the* 
(left) umbilical vein returns purified blood 
from the placenta to the heart via the 
liver. It runs upwards and backwards 
from the umbilicus, past the sharp in- 
ferior border of the liver, to the porta 
hepatis, and it occupies the lower free 
^border of the falciform ligament, which 
indeed is its ‘‘mesentery”. After the 
cord is cut at birth, the left umbilical vein 
becomes obliterated and is thereafter 
known as the lig. teres hepatis or round 
ligament of the liver. 

If at birth the cord is cut very short 
(a) urine will escape from the umbilicus, 
if the urachus is patent; (b) feces, if the 
vitello-intestinal duct is patent; and (c) 
the peritoneal cavity will be opened, if 
the extra-embryonic celom is patent. 
The intestine may become twisted and 
strangled, if the vitello-intestinal duct or 
the vitelline (superior mesenteric) artery 
remains attdehed to the umbilicus. The 


intestinal end of this duct springs from 
the ileum about two feet from the cecum 
(fig» ^44) and remains patent (Meekers 
diverticulum) in 2 per cent of persons. 

Peritoneal Folds. Peritoneal folds are 
so commonly mesenteries** of tubes 
that they should be treated on the sus- 
picion that they conceal a tube in their 
free edges. The tubes may be ducts, 
veins, or arteries; they may be patent 
or obliterated (fig, 240), 



Fio. 240. Peritoneal folds acting as “mesen- 
teries^' of tubes (see table 11). 

The Following Peritoneal Folds 
DO NOT Contain Tubes. They are in- 
dicated alphabetically in figure 240. 

a. Left triangular ligament of the liver. 

b. Right triangular ligament of the 
Ii\^er. 

c. Phrenico-colic ligament (supporting 
lig. of the spleen). 

d. “Supporting ligament of liver.” 

e. Acquired folds lateral to the ascend- 
ing and descending colons. 

f. Fold guarding inferior duodenal 
fossa. 
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Fold between gall-bladder and duode- 
num (occasional). 

Peritoneal Fossae and Recesses and 
Gutters occur as follows: 

1. Leaser Sac of peritoneum (omental 
bursa) with an upper recess behind the 
caudate lobe of the liver, and a lower 
recess (commonly partly obliterated) 
enclosed by the greater omentum. - 

2. Above the greater omentum: The ‘right 
and left Siibphrenic Spaces lie between 
diaphragnf and liver, one on each side of 
the falciform ligament. The Hepato- 
renal Pouch of Morison lies between the 
right lobe of liver, right kidney, and right 
colic flexure. When the subject is supine, 
this is the lowest part of the peritoneal 
cavity, above the pelvic brim. Hence, 
free fluid (e.g., from a ruptured gall- 


TABLE 11 

Peritoneal Folds Acting as ** Mesenteries*' of Tubes 


NATtJRB 
or TUBA 

PATKNT OR 
OBLITEIIATKD 

I NAMF or rOLn 

KAMB or Tunjc OK WHICH THB FOLD 

IK A MEKKNTEBT 

NUUBBB 
ON FIQURI 

240 

Duct 

Patent 

1 The lesser omentum 

1 The broad ligament of the 
uterus 

1 The mesentery 

The inesoeohm 

1 d’he bile passages 

1 The uterine tube 

, The small intestine 
i The large intestine^ 

1 

2 

4 

5 

Obliterated 

1 The mediaiMJinbilieal ligament! The urachus 

Artery 

Patent 

The right gastro-pancreatic 
fold 

The left giiU'’.)--pancreatie fold 
The fold of the paraduodenal 
f(v;sa 

! The hepatic a. 

The left gastric a. 

The aso. branch of left colic a. 
sometimes 

6 

7 

8 

Obliterated 

The lateral umbilical ligament 

Obliterated umbilical a. 

9 

Artery 

and 

Vein 

Patent 

The fold of the inferior epi- 
gastric vessels 

The mesentery of the appendix 
The superior ileo-cecal fold 
The ovario-pelvic ligament 

Inferior epigastric vessels 

Appendicular vessels 

Anterior cecal vessels 

Ovarian vessels 

10 

11 

12 

13 



The fold of paraduodenal fossa 

Inferior mesenteric vein 

14 


Patent 

The fold of superior duodenal 

Inferior mesenteric vein 

15 

Vein 


fossa 




Obliterated 

Falciform ligament of the liver 

Left umbilical vein (or lig. 

16 

• 



teres) 



g. Inferior ileo-cecal fold (bloodless 
fold of TveveSj fig. 241). 

h. Ligament of the ovary (ovario- 
uterine ligament). 

k. Round ligament of uterus. 

VASCULAR FOLD 

SUPR. ILEO- 

CAECAL FOSSA 

BLOODLESS 
FOLD 



NFR. ILEO- 
CAECAL FOSSA 

MESENTERY 
OF APPENDIX 

RETRO- CAECAL 
FOSSA 

Fig. 2\\. The peritoneal fossae al)out the 
caecum. 
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bladder, duodenum, or appendix) tends 
to gravitate here — if the subject is supine. 
The circumlienal pouch” , above the 
phrenico-colic ligament, is part of the 
left subphrenic space. 

3. Below the greater ornenturn (inheicolic) . 
are the following fossae and gutters: 

Duodenal Fossae: The superior duo- 
denal, inferior duodenal, paraduodenal, 
and retroduodenal fossae have a cruciate 
arrangement. Their mouths face each 
other and open on the left of*the duo- 
deno-jejunal junction. One or more of 
these is commonly present. 

Cecal Fossae: The superior ileo-cecal, 
inferior ileo-cecal, and retro-cecal fossae 
are related to the cecum (Jig. 2/^1). An 
extensive retro-cecal fossa is a retro- 
colic fossa. 

An Iniersigmoid Fossa is sometimes 
present. Its mouth opens at the apex 
oT the A-shaped root of the pelvic meso- 
colon, where the left ureter crosses the 
common iliac vessels. A pencil can be 
pushed up the fossa for one or more inches 
in front of the ureter. 

4. Pelvic Fossae: In the male the recto- 
vesical fossa lie^ between rectum and 
bladder. In the female the uterus and 
its broad ligaments divide the recto- 
vesical fossa into utero-vesical and recto- 
uterine fossae. 

5. The ^^Retro-omental” or Paracolic 
Gutters (fig. 24 ^): The root of the mesen- 
tery and the ascending and descending 
colons project from the posterior albdom- 
inal wall under partial shelter of the 
greater omentum. As a result there are 
4 gutters: (1^ The right lateral gutter is 
placed lateral to the ascending colon and 
cecum. (2) The left lateral gutter is 
placed lateral to the descending and pel- 
vic colons. (3) The right medial gutter 
lies between the root of the mesentery 
and the ascending colon. (4) The left 
medial gutter lies between the root of the 


mesentery and the descending colon. Of 
these, the right medial is closed above 
and below. The three others lead di- 
rectly to the pelvis. The right lateral 
gutter is the only gutter open above. It 
would conduct fluid from the hepato- 
renal pouch and right subphrenic space 
past the appendix and into the pelvis — 
if the subject is sitting. 



Fig. 212. The four retro-omental or “para- 
colic^* gutters and three “ supra-omental 
spaces**. 

Areas Where Cohesion between Two 
Opposed Surfaces of Peritoneum Has 
Taken Place. The peritoneum is an 
areolar membrane covered with a layer 
of sQuamous cells. It may be likened to 
a wall covered with wallpaper; the wall- 
paper (cells) may wear away, but the 
wall (areolar membrane) persists. The 
sites where cells die and are not renewed, 
with resulting cohesion of the opposed 
areolar surfaces, are enumerated below 
and partly shown in fig. 247. The 
surfaces are, so to speak, only gummed 
together (no vessels, nerves or other 
structures pass between them) — they 
may be separated with impunity and 
restored to their ’ embryological state; 
and of this the surgeon takes advantage. 
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1. The portion of the dorsal mesogas- 
trium between the aorta and the middle 
of the left kidney {fig. 251). 

2. The nicsoduodcrium^ including the 
part in which tiie pancreas is contained 
{fig. 252). 

3. The ascending and descending meso- 
colons. 

4. The right portion of the transverse 
mesocolon adheres to the right kidney, 
2nd duodenum, and head of the pan- 
creas {fig. 276). 

5. The greater omentum adheres to 
transverse cok)n and mesocolon {fig. 
252). 

6. The walls of the greater omentum 
commonly cohere, thereby obliterating 
the lower part of the lesser sac. 

7. The pouch between the prostate 
and rectum {fig. 253). 

8. The umbilical celom (part of the 
extra-embryonic celom). ♦ 

9. The processus vaginalis peritonei 
{fig. 203). 

Morphology of the Peritoneum, 
Though the peritoneal cavity has been 
opened, you have refrained so far from 
tearing or destroying the peritoneiun 
and from using the knife. You have 
seen, handled, and noted the disposition 
of such organs and structures as can be 
examined without dissection; you have 
noted the various omenta, mesenteries, 
and ligaments; you have explored the 
recesses of the peritoneum, and the in- 
formation you have gained has been 
first hand. 

Now, neither the general relationships 
already observed nor the more detaited 
ones to be studied can have an intelligent 
meaning without some knowledge of the 
morphology of the peritoneum. You 
should, therefore, give your attention 
to the fojjowing fundamental facts. ' 
After you Irave done so, and before you 
proceed to dissect and destroy, you may 


think it well to review the foregoing 
chapter in the light of these new facts. 

The Celom. The peritoneal cavity 
is, in embryonic life, a portion of a more 
extensive cavity, called the celom or body 
^cavity. The celom includes: 

(a) Pericardial cavity 

(b) Pleural cavities 

(c) Peritoneal cavity and its diverticula : 

1. Processus f(a) funicular process 
vaginalis \(b) tunica vaginalis 

2. Eitra-embry- f(a) funicular part 
onic coelom \(b) placental part 

In embryonic life the pericardial cavity 
was in open communication with the 
pleural cavity of each side below the 
corresponding arch of the azygos vein 
(duct of Cuvier), and these pleuro-peri- 
canlial openings may fail to close. The 
pleural cavity of each side was in open 
communication with the peritoneal cav- 
ity behind the kidney, and these pfet/ro- 
peritoneal openings also may fail to close 
with a resulting congenital diaphrag- 
matic hernia. 

The Processus Vaginalis Peritonei is de- 
scribed on p. 211. 

The Extra-embryonic Celom extends 
through the umbilical cord and, spreading 
out, completely surrounded the amnion 
and thereby separated it from the pla- 
centa and chorion, except at the body 
stalk. At birth, the part traversing the 
cord, i.e., the '‘funicular*' part, may 
remain patent for an inch or so, thereby 
conducing to a congenital umbilical 
hernia. The placental or peri-amniotic 
part becomes obliterated; but, after the 
birth of a child, the obstetrician, when 
examining the placenta, deliberately sepa- 
rates the amnion from the chorion and 
placenta, thereby reopening the peri- 
amniotic celom. 

Abdominal Relations and Peri- 
toneum. When considering the rela- 
tions of one abdominal structure to 
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another it is of the first importance to keep 
the following general embryological facts 
vividly before you, 

1. The abdomen may be said to exist 
in order to accommodate: 

(a) The Gastro-iniestinal Traci and its 
two derivatives, the liver and pancreas, 
with which is associated the spleen. 
These ^ou should regard collectively as 
‘‘the gastrointestinal tract and the three 
unpaired glands^* or even, if it ^ives em- 
phasis to the idea of a united system, as 
“TAc G. L Tract & Co.^\ 

(b) The Right and Left Uro-genital 
Tracts, including their two paired glands, 
the kidneys and sex glands (testes or 



Fio. 243. Transverse section of the abdomen 
of an embryo (scliematic) . 

ovaries) with wMch are associated the 
right and left adrenal glands. These 
you may refer to collectively as the uro- 
genital tract and the three paired glands; 
or as “the three paired gland system'' 
or even as the “TAc U. G. Tract & 
Co.^\ 

2. During early embryonic lifp the 
“tliree paired glands" lay on each side of 
the aorta, covered with the peritoneum of 
the posterior abdominal wall. A com- 
parable condftion is found in the adult 
frog. 

3. At the same early period the gastro- 
intestinal canal was a straight tube of 
uniform calibre, slung from the front of 
the vertebral column and ‘ aorta by a 
mesenteiy, Jhe primitive dorsal mesen^ 
tery. 


4. Three separate and unpaired 
branches of the aorta, named the celiac, 
superior mesenteric, and inferior mesen- 
teric arteries, supplied the gastro-intesti- 
nal tract and its three unpaired glands 
• {figs. 244), The superior mesenteric 
artery continued as the vitelline artery 
through the umbilicus to supply the 
yolk sac. 

4a. The portal vein is formed by three 
unpaired veins, named the splenic (= the 
celiac), superior mesenteric, and inferior 

• AORTA 



Fio. 244. The three unpaired arteries of the 
“G. I. Tract Co." in the primitive dorsal 
mesentery.’ 

mesenteric veins; so, it returns to the liver 
the blood that the ccliac, superior mes- 
enteric, and inferior mesenteric arteries 
conveyed to the G. I. Tract and its un- 
paired glands, the liver, of course, ex- 
cepted. The portal vein, therefore, re- 
ceives all the blood returning from the 
“G. I. Tract & Co." and it receives no 
oth*er blood {fig. 245)- 

5. The diaphragm is supplied by cervi- 
cal segments 3, 4, and 5 by way of the 
phrenic nerves. It developed in the 
.neck. With the advent of lungs, the dia- 
phragm descended, pushing the stomach 
and celiac artery Before it and dragging 
the phrenic nerves after it. 
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6. The adult intestinal canal exceeds 
twenty feet in length, but the abdominal 
cavity is only two feet long. A time, 
therefore, must come in fetal life when 
the gut ceases to be a straight tube con- 
fined to tlie median plane of the body. . 
The small intestine then becomes oon- 



Fia. 245. The three unpaired veins of the 
*'*G. 1. Traet & Co." form the jiortal vein. 



Fin. 210. Rotation of gut around the su- 
perior mesenteric artery. 

voluted; and a long loop of gut, involving 
the cecum and adjacent parts of the 
small and large intestine, taking the 
superior mesenteric artery as an axis, 
rotates counterclockwise around it. This 
brings the cecum temporarily to the 
under surface of the liver. From here 
it ultimatel^descends into the right iliac 
fossa and so helps to encircle the small 
gut {fig 246), 


7. Thereafter, the mesenteries of the 
ascending, the beginning of the trans- 
verse, and the descending (including the 
iliac) portions of the colon, together 
with any branches of the mesenteric 
vessels they may contain, adhere to the 
posterior abdominal wall (fig. 247). Just 
as pages 2 and 3 of an opened book, on 
falling to the right or left, must cotne to 
lie in front of page 1 or page 4, so every 
part of 'The G. I. Tract & Co.'' that 
falls to right or left must come to occupy 



Fig 2^7. Sjto.s uhore primitive mesenteries 
aijhere tif the f)OKtorior abdominal wall: (1) 
dorsal mosogastrium, (2) mesoduodonum, (3; 
mesocolon of ascending colon and right colic 
flexure. (4) mesocolon of descending colon. 

a position ventral to anything and every- 
thing pertaining to "the U. G. Tract & 
Co." it happens to cross; that is, to the 
adrenals, kidneys, testes or ovaries; to 
the adrenal, renal, and spermatic vessels; 
and, to the ureters and vasa deferentia 
(fiU- 248). The remainder of the trans- 
verse colon and the pelvic colon alone 
retain mesenteries. The rectum and 
the anal canal do not become lengthened 
and, so, are enabled to retain their primi- 
tive median positions. 

8. The counterclockwise rotation of 
the gut must bring some part of the large 
intestine in front of the “superior mesen- 
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teric arterial axis” and some part of the 
small intestine behind it. The respective 
parts happen to be the transverse colon 
and the 3rd part of the duodenum 
(Jig, 2Ji6), When the beginning of the 
transverse colon loses its mesentery, it 
adheres to the 2nd part of duodenum and 
head of the pancreas. It is evident that 
in order to free or mobilize a portion of 
the colon without damage to its vessels, 
the peritoneum must be torn through on 
the outer ''rim” of the gut, for the vessels 
pass from aorta to colon as spokes radiate 



Fia. 2 IS. The pliges of a book serve to 
demonstrate that the Tract & Co ” is 

necessarily ventral to the “U.G. Tract & Co.”; 
and the “U.G. Tract & Co.” to the body wall. 

to the rim of a wheel. In mobilizing, 
you partially restore the gut to its former 
embryological state, giving it back its 
mesentery. For example, to expose the 
posterior aspect of the 2nd part of the 
duodenum, you may safely pull the right 
colic flexure and transverse colon down- 
wards, and swing the duodenum forwards 
and medially, without damage to vessels 
or nerves (jig, 280). 

9. The transverse colon would seem to 
have forced the entire duodenum (save 
its 1st inch) and the pancreas, which lay 
inijhe meso-fluodenum, against the poste- 


rior abdominal wall; for the duodenum 
has lost its mesentery. 

10. In addition to the primitive dorsal 
mesentery, which may be subdivided into 
as many parts as is found convenient 
(e.g., mesogastrium, mesoduodenum, 
mesojejunum, and the various mesocola) 
there is a primitive ventral mesentery. It 
exists only above the umbilicus and 1st 
inch of duodenum, so it is better called 
the ventral mesogastrium. The liver 
divides it into two portions, the f.alciform 


I 2 3 4 



1 lbile duct^ aorta 
LIG. TERES (=L.UMB.V.) 


Fig. 2^0. Primitive ventral and dorsal 
mesogastria give rise to: (1) falciform lig., 
(2) lesser omentum, (3) gastro-splenic omen- 
tum, (4) lieno-renal lig. 

ligament and the gastro-hepatic omen- 
tum. The left umbilical vein lies in the 
free edge of the one, the bile ducts in the 
free edge of the other; so, the two portions 
may be regarded as “the mesentery of 
the umbilical vein (lig. teres)” and “the 
mesentery of the bile ducts” respectively 

{Jig. 

The liver divides the ventral mesogas- 
trium into (a) Falciform ligament and 
(b) Lesser omentum. 

The spleen divides the dorsal mesogas- 
trium into (a) Gastro-splenic omentum 
and (b) Lieno-rena4 ligament. 

11. The liver comes to occupy espe- 
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daily the right side of the body, and rele- 
gates the stoniflch and spleen to the left 
(figs- 2f)0, In accordance with 

fundani(‘nt;ii principles those tJirce or- 
^j;ans, belongin'’; to tlje G. I. Tract and Co., 
must lie in Iront of the right and left 
tlircc paired gland system; the liver brkig 
in front of right kidney and adrenal; the 


LIENO- 



Fio, 250. Tran.sverso section of abdomen of 
.embryo at level A, figure 2*19, indicHting that 
the liver moves to the right; the stomach ami 
spleen to the left. 



Fig. 251. A later stage (liaii figure 250. 
Partial absorption of dorsal mcsogastnuin; 
the unabsorbed part is the lifuio-renal lig. 


stomach and spleen in front of the left 
kidney and adrenal; and, also in front of 
the testes or ovaries, if they fail to de- 
scend. * 

J2. The portion of the dorsal meso- 
gastriiim passing between spleen and 
aorta (it might be called lieno-aortic 
ligament) is forced against the posterior 
abdominal n,nd the epithelium lin- 
ing the opposed surfaces is absorbed, 
leaving two areolar layers of peritoneum 


free to adhere to each other between the 
median plane and the front of the kidney. 
In view of this new attachment the ‘‘lieno- 
aortic” ligament becomes the lieno-renal 
ligament. If you wish to free or mobilize 
• the sjilccn, you may open up the 
dotted line in figure 251 and restore 
the entire '‘lieno-aortic” ligament with- 
out damage to the splenic vessels or to 
any other structures- 

13. The lesser sac: When the stomach 
and splo?n moved to the left, dragging 
their peritoneal attachment after them, 
the lesser sac began to take form. The 



J'jG. 252. J^evelopmcnt of tlio greater 
oiucntuiu. r 


duodenum, by losing its mesentery and 
adhering to the posterior abdominal 
wall, limited the month of the sac below; 
the liver, by enlarging, encroached on the 
mouth, narrowing it from above; and the 
bile ducts, passing from duodenum to 
liver in the free edge of the lesser omen- 
tum, limited the mouth in front. 

14. The primitive lesser sac was at 
first limited below by the^dorsal meso- 
gastrium, but in. time it bulged down- 
wards in front of the transverse colon and 
transverse mesocolon, and adhered to 
them, thereby forming the greater 
or gastro-colic omentum. Developmen- 
tally, therefore, the transverse mesocolon 
is four layers thick {fig. 252). 
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15. The portion of the peritoneal 
cavity between the base of the bladder 
and prostate anteriorly and the rec- 
tum posteriorly undergoes obliteration. 
And, it is safe to open it up {fig. 253). 

16. When the stomach moved to the 
left, it underwent a rotation on its long 
axis. As a result, its original left surface 
becomes the ventral surface; the original 
right Surface, the dorsal surface. Hence, 
the left vagus nerve is to be looked for 
on the ventral surface of the* stomach; 
the right nerve, on the dorsal surface. 

Afferent Nerves of the Peritoneum. 
These travel as follows: (a) from the 



Fig. 2.53. The posterior aspect of the pros- 
tate was formerly oxtraperitoneal. Oblitera- 
tion of the “recto*f)rostatic” peritoneal fossa 
takes place along the broken line. 

central parts of the diaphragm via the 
phrenic nerve (C. 3, 4, 5); direct me- 
chanical stimulation of this area causes 
pain referred by the supraclavicular 
nerves (C. 3, 4) to the lower part of the 
anterior border of the Trapezius; (b) from 
the peripheral parts of the diaphragm via 
the intercostal and Subcostal nerves (Th. 
7-12); here stimulation causes pain re- 
ferred through these same nerves to the 
skin of the abdominal wall; (c) from the 
parietal peritoneum again via these same 
nerves (Th. 7-12) and L. 1; here stimula- 
tion is correctly localised at the point 
stimulated; (d) the mesenteries of the 
small and large intestines are sensitive 


from their roots to near the intestine, 
whereas the greater omentum and the 
visceral peritoneum are insensitive to me- 
chanical stimulation (Morlcy). In the 
mesentery, free endings of myelinated 
nerves persist after section and degenera- 
tion of vagus and splanchnic fibres. Evi- 
dently these endings are responsible for 
the sensitivity of the mesentery, and 
presumably they are derived trom the 
somatic nerves supplying the parietal 
peritoneum (Sheehan). 

THE LESSER OMENTUM; THE BILE 
DUCTS; THE CELIAC ARTERY; 
THE PORTAJ. VEIN; THE STOM- 
ACH, AND THE INFERIOR AND 
POSTERIOR SURFACES OF THE 
LIVER. 

You have studied the peritoneum and 
the disposition of the abdominal viscera 
in 80 far as can be done without dissec- 
tion. You must now be prepared to 
destroy the peritoneum by degrees as 
the examination proceeds. 

The Lesser Omentum extends from 
the lesser curvature of the stomach and 
first inch of the duodenum to the fissure 
for the llgamentum venosum and to the 
porta hepatis {fig, 232) , and in its free 
edge runs the cystic duct. The cystic 
duct is to be traced from the neck of the 
gall bladder to a point 1.0 cm. above the 
first part of the duodenum where it unites 
at an acute angle with the common 
hepatic duct to form the bile duct. Later 
the bile duct will be followed behind the 
first part of the duodenum and the head 
of the pancreas to the second part of 
the duodenum which it enters 3 inches 
from the pylorus (fig. 254)- The common 
hepatic duct is formed in the porta 
hepatis by the union of the right and left 
hepatic ducts, and, is bound to the cystic 
duct by a tough areolar web. On the 
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medial side of these ducts lies the hepatic 
artery; and behind the ducts and artery 
lies the thin-walled portal vein. Ac- 
companying these are lymph vessels, 
branches of the vagus, and branches of 
the celiac plexus. 

While cleaning these structures, • a 
finger, or as a substitute a roll of paper, 
may be passed through the mouth of the 
lessivr sae of peritoneum (epiploic fora- 
men) to guard the i. v. cava which is the 



2.51^, The 1 ilo 

lengths of the cystic, common hci){ttif, and 
(common) I ile ducts are 3 4 cm cm , and 
6.5 cm. respectively. 


immediate posterior relation ; below is the 
first part of the duodenum; above is the 
caudate process of the liver. 

Lying between the two layers of the 
lesser omentum along the lesser curvature 
of the stomach are the right and Ifeft 
gastric arteries with their accompanying 
veins, lymph vessels and lymph glands, 
and brancjies of the gastric (vagus) nerves. 

The Celiac Artery is the first of the 3 
unpaired ar^j^ries that supply the gastro- 
intestinal tract {fig. 27^4). Access to the 
celiac artery, pancreas, and other struc- 


tures behind the lesser sac may be had by 
three routes: by cutting through (1) the 
lesser omentum or (2) the transverse 
mesocolon or (3) the greater omentum 
{fig. 231). By way of the lesser omen- 
• turn access is somewhat limited ; by way 
of the transverse mesocolon it is good, 
but the middle colic artery, which runs 
in the mesocolon, must first be identified 
and preserved; by way of the greater 
omentum access is excellent — the cut 
should be* made an inch below the greater 
curvature thereby avoiding the stems of 
the gastro-epiploic vessels, though sev- 
ering their epiploic (omental) branches. 
Since the transverse mesocolon is applied 
to the greater omentum, the middle colic 
artery is in danger even by this route. 

SuuFAc’K Anatomy and Relations. 
The celiac artery springs from the 
aorta between the crura of the diaphragm 
which, so to speak, sit astride it. The 
pancreas lies below it. Now, the dia- 
])hragm, which is the partition between 
the thorax a-nd the abdomen, happens to 
descend in the median plane posteriorly 
to the level of the disc between the last 
thoracic and the first abilominal (lumbar) 
vertebra. (Jn tlic surface of the body this 
point is, of course, the depth of a vertebra 
and disc (say LJ inches) above the trans- 
pyloric plane; and it also marks the celiac 
artery. The stem of the arteiy is half-an- 
inch long. It is surrounded by the celiac 
plexus of nerves, wide of which are the 
tough, nodular, celiac ganglia, and v/ide 
of the.se again are the adrenal glands, the 
medullae of which are derived from the 
celiac ganglia. A stout *and strong 
branch of the posterior gastric nerve, con- 
taining fibres from both vagi, descends 
along the left gastric a. to the celiac 
plexus; the greater and lesser splanchnic 
nerves, pierce the crura of the diaphragm 
and end in the celiac ganglia (p. 293 and 

fig* m). 
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Distribution and Branches. It is peritoneum (the left gastro-pancreatic 
the duty of the celiac artery to supply fold) as a “mesentery”, 
the stomach, the adjacent parts of the Branches, Its branches are gastric^ 
oesophagus and duodenum, and the three which runs downwards in contact with 


R.HEP, L.HEP. OES. 

ACC HEP. 


SHORT GASTRIC 


CYSTIC 


HEPATIC 



SPLENIC 

R. GASTRO-EPIPLOIC L. GASTRO-EPIPLOIC 

Fig. 255. Distribution of the coeliag artery. 


unpaired glands -liver, pancreas, and 
spleen {Jig. £55). It has 3 branches: 

(1) Left Gastric: 

oesophageal 

gastric 

(accessory hepatic) 

(2) Splenic: • 

pancreatic 
splenic 
short gastric 
left gastro-epiploic 

(3) Hepatic: 

gastro-duodenal: 
supra- and retro-duodenal 
right gastro-epiploic 
superior pancreatico-duodonal 
right gastric 

right hepatic and cystic branch 
left hepatic 

The Left Gastric Artery is the smallest 
branch. It ascends on the diaphragm 
towards the oesophageal orifice and, when 
a little shor^ <5f it, arches forwards to 
reach the lessor curvature of the stomach. 
In so doing, it drags downwards a fold of 


the lesser cuiwaturc and anastomoses with 
the right gastric ; oesophageal, which runs 
upwards through the oesophageal orifice 
in the diaphragm to anastomose with the 
oesophageal branches of the thoracic 
aorta; and, not uncommonly, an accessory 
hepatic branch which passes between the 
layers of the lesser omentum to enter the 
liver via the fissure for the ligamentum 
venosum. In this circumstance the fis- 
sure bcccnnes, as it were, a “porta hepatis 
minor”. 

The Splenic Artery is the largest 
branch. It takes a serpentine course to 
th^ left along the upper border of the 
pancreas. It crosses in turn the left 
crus, the left adrenal gland, and half the 
breadth of the left kidney. It then 
passes through the lieno-renal ligament 
and enters the hilum of the spleen as 
several branches. 

Branches. It sends pancreatic branches 
to the body and tail of the pancreas; 
several short gastric branches, which pas^y 
through the gastro-splenic omentimi to 
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the fundus and greater curvature of the 
stomacli ; and the left gasLro-epiploic 
branchy which also passes through the 
gastro-splenic omentum into the greater 
omentum and gradually approaches the 
greater curvature of the stomach along 
which it runs, but never closer than a 
finger’s breadth to it. As its name indi- 


hepatic artery ends by dividing into the 
right hepatic a. and the left hepatic a. 
These enter the corresponding lobes of 
the liver. The right hepatic a. crosses 
either in front of or behind the right 
hepatic duct to reach the porta {Jig. 251). 
The cydic a. arises from the right hepatic 
a. or from any nearby artery and ramifies 


Hepciiic art. “I Left ga&tric art. 

Splervlc art. 


RiqKt ftu.prarenal 

Portal vein 
BUe duct 

Gastro- 
• duodenal a. 


Kidrvey 


Sup. me&enteric 
vein and art: 


Inf. mesenteric 
art. and vein 


Ureter 



Vertebral levels 


Fig. Abdominal viscera and vessels. 


cates, it sends gastric branches to the 
stomach and epiploic (i.c., omental) 
branches to the greater omentum. 

The Hepatic Artery takes a more sober 
course to the right along the upper border 
of the pancreas and, like the left gastric 
artery, creates for itself a little **mesen- 
tery’^ (the right gastro-pancrentic fold), 
which conducts it in front of the portal 
vein to the le.s3er omentum. Thereafter, 
it ascends in front of the portal vein, and 
on the left ol^hc bile passages. 

Terminal Branches. In the porta, the 


both on the free and on the attached sur> 
face of the gall bladder. 

Of its Collateral Branches (a) the right 
gastric artery arises at some distance 
above the duodenum and, so, requires to 
make with the main artery a ‘diair-pin’’ 
bend in order to descend to the lesser 
curvature of the* stomach, (b) The 
gastro-dnodenal artery takes origin in 
front of the portal vein. It passes down- 
wards between the 1st part of the duo- 
denum and the pancreas, where, after a 
course of J-1 inch, it divides into the 
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right gastro-epiploic and the superior pan- 
creaiico-duodenal artery. 

The gastro-duodcnal a. gives off an 
end-artery, the supraduode7ial a. (Wilkie), 
to the upper border and adjacent parts of 
both surfaces of the first part of the 
duodenum, and rclro-dnodnial twigs to the 
back of the duodenum as it crosses it. 

Tlic right gastro-epiploic a. runs be- 
tween the two layers of the greater omen- 
tum, a finger’s })readth from the greater 
curvature of the stomach, ahd anasto- 
moses with tlie left gastro-epiploic a. 
Both vessels have gastric branches and 
long slender epiploic branches, which de- 
scend in the omentum. 

The superior pancreatieo-duodenal a. 
effects a double arch with the pancreatico- 
duodenal bra.nch of the superior mesen- 
teric a. ijuj. 278), one arch lying in 
front of the pancreas, the other behind it. 

A nastornoses. To deprive the liver al- 
togc'tlier of its arterial blood is fatal. 
There is ho\\rver a collateral anastomo- 
sis. 'Jims: (a) the larger branches and 
the precapillaries of the right and loft 
hepatic aa. anastomose so excellently in 
the fissures of j^ie liver and deep to the 
capsule that fluid injected into the one 
artery flows from the cut end of tlie other. 

(b) If the common hepatic a. is ligated, 
the arterial supply to the liver may yet 
be assured in those 12% of persons in 
whom the right hepatic; a. arises from 
th(* superior mesenteric a. {fig. 257), 

(c) If the hepatic artery is obstructed 
gradually on the aortic side of the origin 
of the right gastric a., the circulation is 
maintained^by the anastomosis the right 
gastric a. effects with the left gastric a. 
and by means of an occasional accessory 
hepatic branch of the left gastric {fig. 
255). The inferior phrenic aa. also send 
twigs to the liver. The deep intrahe- 
patic aa. are end-art.eries. 

The Portal Vein drains all and it drains 


only the gastro-inteatinal tract and the 
3 unpaired glands, the liver of course 
excepted. It returns to the liver the 
blood that the celiac, superior mesen- 
teric, and inferior mesenteric arteries 
conducted to these parts. The portal 
vein is formed between the head and 
neck of the pancreas by the union of the 
splenic (which represents the celiac ar- 
tery), the superior mesenteries and the 


LH. LH. LH. 







Fig. 257. Variations in the course of the 
right hepatic artery in 165 specimens: 

(1) anterior to bile duet 24^] 

(2) posterior to bile duct 

(3) arising from superior mes- 

enteric artery I2%J 

(4) anterior to portal vein. . . . 91% 

(5) posterior to portal vein ... 9 


100 % 


inferior mesenteric veins. It ascends to 
the right end of the porta where it di- 
vides into the right and left portal veins. 
The right vein enters the right lobe; the 
left vein passes transversely to the left 
ehd of the porta and supplies the caudate, 
quadrate, and left lobes. 

The portal vein ascends behind the 
neck of the pancreas, Ist part of the duo- 
denum, and the gastro-duodenal a. It 
then enters the lesser omentum, where the 
bile passages and hepatic artery lie in 
front of it. Behind it lies the i. v. cava — 
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but intervening are: (a) two dense 
areolar membranes, one covering the i. v. 
cava, the other covering the portal vein 
{fig. 2S0), also (b) peritoneum at the 
mouth of the lesser sac, and above this 

(c) the caudate process of the liver. 

During dissection, these membranes are 
the salvation of the i. v. cava; for they 
make separation without injury feasible. 

Tributaries. In addition to the 
splenic, superior mesenteric, and inferior 
mesenteric veins, the portal vein receives 
the right and left gastric veins. The 
cystic vein ends' in the right portal veih. 
The ligamenta teres and venosum are 



Fia. 2.‘).S. Development of the portal vein 
and terminal part of the i. v. cava (see text). 
(See also fip;. 2\Y^ ) 


attached to the left vein at Uui left end 
of the porta. There an^ no functioning 
valves in the portal system. {See also 
fig. 4o.) 

The Accessory Portal System (Col- 
lateral Circulation of the Portal Vein). 
When the portal vein is slowly ob- 
structed, as a result of disease of the liver 
or from other causes, the portal blood 
may enter the systemic veins by way 6f 
certain anastomotic veins, which then 
become dilated and varicose — and they 
may burst. They are as follows: 

(a) At the upper end of the gastro- 
intestinal tr^t, the oesophageal branches 
of the left ^stric veiir anastomose with 
oesophageal branches of the azygos 


veins. (When varicose they are called 
“oesophageal piles^'.) 

(b) At the lower end of the gastro- 
intestinal tract, the superior rectal (haem- 
orrhoidal) vein anastomoses with the 
middle and inferior rectal veins and with 
the pelvic venous plexuses (p. 348). 
(When varicose, the rectal or haemor- 
rhoidal veins arc called “haemorrhoids 
or piles”. Gk. Raima = blood, Rhein 
= to flow.) 

(c) Para-umbilical veins pass from the 
porta hepatis along the ligamentum 
teres to the umbilicus where their 
branches radiate and anastomose with 
veins of the body wall. (AVhen dilated 
they resemble the Caput Medusae.) 

(d) Veins at the bare area of the liver 
and in the falciform liganicnt anastomose 
with veins of the diaphragm and body 
wall. 

(e) Twigs of the colic veins anastomose 
in the extraperitoneal fat with twigs 
of the renal vein and with veins of the 
body wall. 

Development of the Portal System. 
In prenatal life the right and left vitelline 
veins from the yolk sac and the right and 
left umbilical veins, originally from the 
allantois but later from the placenta, 
opened independently into the common 
sinus venosus of the heart (fig. 2B8) until 
the developing liver intercepted them and 
broke them up into the anastomosing 
sinusoids of the liver. Thereafter, the 
prehepatic parts of the right umbilical, 
left vitelline, and left umbilical veins 
disappeared, leaving only the prehepatic 
part of the right vitelline to conduct 
blood from the liver to the heart. [Pre- 
hepatic = cephalad to the liver; post- 
hepatic = caudad to the liver.] Defini- 
tively, this prehepatic part of the right 
vitelline vein becomes the terminal seg- 
ment of the i. v. cava {fig. 203). It 
may be this fact that determiiSes that the 
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right side of the heart shall be the vendus 
side and the left side the arterial side. 
It certainly explains the close connection 
between the i. v. cava and the posterior 
surface of the liver. The posthepatic 
part of the right umbilical vein disap- 
peared, leaving the corresponding part 
of the left umbilical vein to bring from 
thej)lacenta to the liver blofxl revived 
with oxygen and laden with products of 
digestion elaborated by the mother. 
Apparently it was unnecessary that these 
should circulate through the liver of the 
fetus, because a sliort cut, called the 
ductus venosus, connected the left umbili- 
cal vein with the prehepatic part of the 
right vitelline vein and thereby excluded 
the portal circulation. 

The right and left vitelline veins made a 
figure-of-8 anastomosis around the 1st 
and 3rd parts of the duodenum. Out of 
this the portal vein took form by the 
disappearance of the posterior (right) 
limb of the 8 below and of the anterior 
(left) limb of the 8 above. It is joined 
by the superior mesenteric, inferior 
mesenteric, and splenic veins. The parts 
of the vitelline veins ccphalad to the 
figure-of-8 became the right and left por- 
tal veins (Jig. 270). 

The Stomach has 2 orifices, 2 surfaces, 
and 2 borders or curvatures. The left 
two-thirds are the fundus and body, the 
right one-third the pyloric antrum and 
pyloric canal (figs. 218y 219). Its size 
at birth about equals that of an adult 
gall bladder. Attached to the lesser 
curvature and 1st inch of duodenum is 
the lesser omentum; attached to the 
greater curvature and 1st inch of duo- 
denum are the gastro-splenic and greater 
omenta. 

Surface Anatomy. The oesophageal 
orifice is situated one inch to the left of 
the median plane deep to the 7th costal 


cartilage at the level of the body of the 
10th thoracic vertebra or 9th thoracic 
spine. The pylorus in the cadaver lies 
in the transpyloric plane one inch or less 
to the right of the median plane. The 
shape and positiojiy however, as learned 
from x-ray pictures are in health highly 
variable (Jig. 238). The oesophageal end 
(the cardia) is fixed to the diaphragm; 
the pylorus, duodenum, and Ifead of the 
pancreas can slide extensively on the 
subjacent areolar sheet — provided the pli- 
able liver, from which they arc suspended 
by the bile passages, hepatic artery, and 
portal vein, by altering its shape, per- 
mits (fig. 280^. 

Stuu cture. The coats of the stomach 
are: seroirs, subserous, muscular, submu- 
cous, and mucous. A subserous vein, the 
pyloric vein of Mayo, marks the site of 
the pylorus in front. It drains either 
upwards into the right gastric vein or 
downwards into the right gastro-epiploic. 

The muscle coat has ^hree layers — 
an outer longitudinal, a middle circular, 
and an inner ohliciuc (fig. 259). The 
longiludinal fibers are continuous with 
those of the oesophagus; they are best 
marked* along llie curvatures; at the 
pylorus they dip in to join the sphincter 
and only a few are continuous with those 
of t he doudenum. "I"he circular fibers are 
present every when' except at the fundus, 
and they are greatly increased at the 
pylorUvS to form a sphincier. At the py- 
lorus and anus powerful sphincters are re- 
quired to keep the contents from escaping 
from the stomach and rectum respectively. 
A sphincter is not required to retain food 
in the oesophagus; in fact anatomically 
the presence of a sphincter at the oeso- 
phageal or cardiac end of the stomach is 
disputed ; perhaps the diaphragm suffices. 
Physiologically, however, there is a car- 
diac sphincter w^fiich opens on stimula- 
tion of the vagus and closes on s^imula- 
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tion of the synipnthctic. The oblique left artery recedes farther from the stom- 
fibers form loops that extend ach as it is traced to the left. Three or 

over the fuiulus and down both surfaces 4 short gastric aa. pass to the greater 
of the stomac h to tlie pyloric antrum, the curvature at the fundus via the gastro- 
cardiac notch forming tlieir medial limit, splenic omentum (fig. 255), 

Stralijicd squamous epithelium lines the “ All arterial branches supplying the 
oesophagus and upper parts of the food stomach penetrate the muscle coats and 
passages. At the cardiac orifice it gives enter the submucosa where they form a 
place to the columnar epithelium of the very extensive network of comparatively 

oesophageal 


Fio. 259. Left: ''I'lie muscle cont of (he stomach seen from within. (The stomach was opened 
along the greater curvature aiifi the inu«-ous an«J submucous coats were removed.) Right: The 
mucous coat of the posterior half of the stomach, 

digestive part of the alimentar}" tract. large vessels. From this network in the 
The mucous membrane is rugose when submucosa two systems of branches are 
the stomach is empty and three or four given off. Of these, one turns back to 
uninterrupted ridges lie along the lesser the muscle coats; the other continues on 
curvature from oesophagus to pylorus to the mucosa. The branches to the 
forming a gutter, the **magens(rasse^\ mucosa usually divide twice, nin spiraffy 
The Arteries of the stomach are towards the muscularis mucosae, and 
derived from the celiac a. The right and pierce it to enter the mucosa where they 
left gastric aa. form an arcade close to its suddenly become smaller by giving off 
lesser curvat^e; the right and left gastro- end-branches (i.e., vessels connected only 
epiploic aa. form an arcade at some dis- by means of a capillary network). Each 
tance (rom its greater curvature and the end-artery continues to run a spiral 
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course, and supplies an area of mucosa of 
about 2.5 mm. in diameter. The sub- 
mucous network on the lesser curvature 
is made up of long parallel vessels which 
are smaller, make fewer anastomoses, and 
run more than twice the distance of simi- 
larly sized vessels in other parts of the 
stomach (Reeves). 


gastro-epiploic aa. to the hilum of the 
spleen, thence they follow the splenic a. 
They are intercepted by glands at the 
hilum of the spleen and on the course of 
the splenic artery {fg. 2G0 and p. 305), 
Nerves. Owing to the rotation the 
stomach has undergone, the anterior 
gastric nerve (left vagus) enters the abdo- 



Fra. 2C0 Lymphatics of the upper abdomen; particularly those of the stomach. (The stom- 
ach has been turned up. ) 


The Lymph Plexuses of the Stom- 
ach, as of other organs, lie in the areolar 
coats. The upper two- thirds of both 
surfaces drain into glands beside the left 
gastric a. on the lesser curvature, thence 
to glands on the steni of the left gastric a. 
The lower one-third of both surfaces 
drain into glands beside the right gastro- 
epiploic a., thence to glands (subpyloric) 
in front of the head of the pancreas on 
the stem of the gastro-duodenal a. The 
lymph vessels of the left portion of the 
stomach follow the short gastric and left 


men in front of the esophagus, the pos- 
terior gastric nerve (right vagus) behind it. 
Both run close to the lesser curvature 
and send branches to the respective ante- 
rior and posterior surfaces as far as the 
pyloric antrum. 

The anterior gastric nerve sends fibers 
curving upwards in the lower part of the 
lesser omentum to the porta hepatis, and 
it is through these branches that the 
pylorus and first part of the duodenum 
are supplied. 

From the posterior gastric nerve a 
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branch descends with the left gastric ar- 
tery to the ccliac plc.ois whence, in com- 
pany with syin pathetic fibers, it is dis- 
tributed alorjg the Inanches of the aorta 
to the abdominal viscera, c.g., intestines 
(proximal to the left colic flexure), pan- 
cr(‘as, and spleen and kidneys. This is 
the only connection these organs have 
with the vagus iktvos. 

SympaUietic Jihrt'fi from 'Vh. 6, 7, 8, via 
the splanchnic nerves and celiac ganglia, 
pass to the stomach along the blood 
vessels. 

Relations or the Stomach. Antero- 
superiorly are: the left lobe of the liver, 
diaphragm, and anterior gibdominal wall. 
The diaphragm separates it from the left 
lung and pleura and from the apex of the 
heart. Its postero-inferior surface lies 
on ‘The stomach bed^^ formed to the ex- 
tent shown in figs. 2G1, 273, 275 by: 

a. “G. I. Tract and Co.^^Transverse 
colon, transverse mesocolon, pancreas, 
spleen, celiac artery and its 3 branches. 

b. “U. G. Tfract and Co.” - -L. adrenal 
gland and kidney (between aorta and left 
adrenal and therefore in front of left 
crus are the celiac i)Ie.\us and ganglion 
and great splanchnic n.), r 2fJG.) 

c. Abdominal wall. Diapliragin. 

The Liver — ^Inferior and Posterior Sur- 
faces. The inferior or viscc'ral Mirface 
faces downwards, lo the h'fl, a.nd back- 
wards. It is covered with peritoneum of 
the greater sac and bears the imprint of 
the viscera that are evcry\\'her<' in con- 
tact with it. The posterior surface faces 
the diaphragm and is but indistinctly 
separated from the inferior surface. 

An H-shaped series of fissures or 
fossae subdivides each of these two sur- 
faces into three. The cross-bar of the 
H is the po7^ hepatis; the quadrilateral 
area in frontof it is the quadrate lobe; 
the quadrilateral area behind it is the 


caudate lobe. The left limbs of the H 
are deep fissures containing the obliter- 
ated left umbilical vein (lig. teres hepatis) 
and the obliterated ductus venosus (lig. 
venosum). Since in fetal life the left 
.umbilical vein returned the placental 
blood to the left portal vein, which 
distributed it through the liver until the 
ductus venosus appeared and short' cir- 
cuited it from the left portal vein to the 
i. V. cava, it is but natural that the 
fissures irt which these two veins lie 
should join the left extremity of the 
porta. They separate the left lobe of the 
liver from the quadrate and caudate 
lobes. The right limbs of the H are 
grooves or fossae for the lodgment of the 
gall bladder and i. v. cava. Since the 
duct of the gall bladder occupies the 
right, free margin of the lesser omentum, 
it is but natural that the fossa for the gall 
bladder should lead to the right extremity 
of the porta. The fossa for the i. v 
cava, however, fails to meet the porta 
by the width of the roof of the mouth of 
the lesser sac, i. e., —the caudate proc- 
ess or tail of the caudate lobe. The 
caudate process is boun4ed by the portal 
vein anteriorly and by the i. v. cava 
posteriorly; it connects the caudate lobe 
to the inferior surface of the right lobe 
proper. {Fig. 262.) 

The Posterior Surface cannot be 
seen until the liver has been removed 
from the body. On the left, it is covered 
with peritoneum of the greater sac and is 
grooved by the esophagus. In the 
median plane, it forms the caudate lobe, 
wliich is covered with peritoneum of the 
lesser sac, and it is separated from the 
last two thoracic vertebrae by the dia- 
phragm and thoracic aorta. Hence, this 
is the most deeply concave part of the 
posterior surface of the liver. On the 
right, it is destitute of peritoneum and 
bare. This bare area is bourided by the 



THE ABDOMEN# 


257 


three layers (upper, lower, and left) of 
the coronary ligament. The i. v. cava 
occupies the left most portion of the bare 
area; the kidney and adrenal gland en- 
corach on it from ])clow {fig. ^63). 

The Inferior Surface. From the 
accompanying figures it is seen that the 
esophagus is in contact with the atten- 
uated posterior surface of the left lobe 


from below, nor the entire quadrate lobe. 
The transverse colon, which you have seen 
in front of the 2nd part of the duodenum, 
runs from right to left behind the sharp, 
inferior margin of the liver as far as the 
median plane, and loaves its impress on 
the right lobe, gall bladder, and quadrate 
lobe. Behind these intestinal areas the 
right lobe is hollowed for the right kidney 



Fig. 261. The stomach bed, (The pancreas is unusually short; the left adrenal gland, the left 
gastric artery and the branch of the posterior gastric nerve to the coeliac plexus are not labelled.) 


and that the junction of 1st and 2nd parts 
of the duodenum are in contact with the 
inferior surface of the right lobe beyond 
the neck of the gall bladder. Obviously 
the intervening space between these two 
points must be occupied by the body of 
the stomach, the pyloric antrum and 
canal, the pylorus, and the 1st part of the 
duodenum. You have seen that the 1st 
part of the duodenum lies beneath the 
gall bladder; but the duodenum is not 
nearly as wide as the gall bladder is long; 
so, it cannqt conceal the entire bladder 


and adrenal, but is separated from these 
two glands by the peritoneum of the 
hepato-renal pouch (fig. 229). The upper 
ends of these two glands usually extend 
above the hepato-renal ligament (i-e., 
lower layer of the coronary lig.) and, so, 
come into direct contact with the bare 
area of the liver. The portion of the left 
lobe of the liver that fits into the lesser 
curvature of the stomach is called the 
tuher omeniale. It abuts against the 
lesser omentum which intervenes between 
it and the tuber oirientale of the pancreas. 
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Note in Review that: (1) One-half of 
the lesser omentum is attached to the 
fissure for the lif^. venosum; the other 
half to the porta hepatis. (2) Obliterated 
fetal veins occupy the fissures for the lig. 
teres and Jig. venosum. The latter can 



process of the caudate lobe is the narrow 
stalk between the i. v. cava and the 
portal vein; it joins the caudate lobe to 
the under^surface of the right lobe proper 


Right 
triang. 
ligament 4' 



Lig. terc-> 
^Lig. vcno&am 

Left triang. 
UgaVnent 


Falciform lig. 


Inf, sup. and left 
layers of coronary lig. 



Gall bladder | Bile passages 
J Hepatic art. 
Portal vcirv 

/'Umbilical vein 
(Lig. teres) 


Ductus VCUOSUS 
Inf. vena cava (Lig. venosum) 



Fro. 262. Diagrams of the liver, hooked up- 
wards to show (a) the H-shaped fissure on the 
inferior and posterior surfaces, (b) the sub- 
divisions of this fissure, and (c) their contents. 


be traced above the caudate lobe to the 
i. V. cava. (3) Of the 3 layers of the 
coronary ligament, the upper and left 
layers are reflected on to the diaphragm, 
while the lower (hepato-renal lig.) is 
reflected orAo the kidney and adrenal 
(and i. v. cava). (4) The tail or caudate 



Fio. 263. Diagrams of the liver, hooked up- 
wards to show (d) the peritoneal attachments 
of its inferior and posterior surfaces, (e) its re- 
lationship to the greater and lesser sacs, and 
(f) the attachments of the lesser, omentum. 

and forms the upper boundary of the 
mouth of the lesser sac. (5) If you care 
to follow the line of reflexion of the peri- 
toneum from the liver, you will find it 
to be a continuous line. If there were 
no bare area — i.e., if the layers of the 
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coronary ligament were approximated 
to form an extensive right triangular lig- 
ament — much of the complexity associ-^ 
ated with the peritoneum would dis- 
appear. (6) There are, indeed, 3 bare 
areas: (a) bounded by the coronary lig- 
ament, (b) the fossa for the gall bladder, 
and (c) where the two sheets of the 
falciform ligament diverge posteriorly 
on th(^ upper surface of the liver. 

Surface Anatomy of the Liver (fig. 
216), From the Front. (A) The base 
or right lateral limit extends from near 
the right iliac crest (above or below) in 
the midlateral line across ribs (11), 10, 9, 
and 8 up to rib 7. (B) The upper limits 

of course, is the same as the upper limit 
of the diaphragm: it crosses the xiphis- 
ternal joint in the median i)lanc and rises 
to the 5th rib in the right midclaviculai 
line; the apex or krftmost part fails by an 
inch to reach the left rnidclavicular line 
and lies in the 5th intercostal space 1" 
infero-medial to the left nipple. (C) The 
sharp inferior border^ of course, connects 
in wavy fashion the lower limit of the 
base to the apex. It overlies the pylorus 
and, therefore, crosses the transpyloric 
plane about an kich to the right of the 
median plane. 

The position of the gall bladder varies 
with th%t of the liver. Its fundus typi- 
cally lies at the lateral border of the 
Rectus Abdominis somewhat below the 
costal margin. 

From Behind. For nipples suljstitute 
inferior angles of the scapulae (i.e., 7th 
intercostal spaces in the scapular lines) 
and for xiphisternal joint substitute the 
spine of Th. Vertebra 8 (i.e., body of 9th 
Th. vertebra). The lower border follows 
the 11th or 12th rib (fig, 286), 

THE MESENTERIC VESSELS 

The Superior Mesenteric Artery sup- 
plies the sipall and large intestines from 


the 2nd part of the duodenum to the left 
colic flexure. For embryological reasons 
already given (fig, 21,6), this artery 
crosses in front of the 3rd part of the duo- 
denum; and there you can pick it up as 
it enters the root of the mesentery. For 
embryological reasons to be given (fig, 
272), it passes between the head and 
body of the pancreas; and later you can 
follow it upwards between them to its 
origin from the aorta close below the ori- 
gin of the celiac artery. With the body 



Sm-ahh qut Aorta 


Fic. 264. Compression of the left renal vein 
and the duodenum. 

of the pancreas you should associate the 
transverse mesocolon, which is attached 
to the pancreas anteriorly, and the splenic 
vein, which is embedded in the pancreas 
posteriorly. These associated stiaicturcs 
are the 3 anterior relations of the s. 
mesenteric artery. 

Clamped between the origin of the ar- 
tery and the aorta, like a nut in nut- 
crackers, is the left renal vein (as you 
will see later), and lower is the 3rd part 
of the duodenum (fig, 267,). Pressure, 
exerted through the weight of the in- 
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testine, would ri'tard tlie How of renal 
blood to the ripiht and of duodenal con* 
tents to the left. 

Tlavin^i; found tin* .suj)(‘rior mesenteric 
a. on tin* duod(‘num ijuj. 25(j)^ follow it 
caudally, in th(‘ root of the mesentery and 
Hpf)lied to the inferior vena cava, to a 
j)oint beyond the orij»;in of its il(T)-e()lic 
[)ran(*h; and tlKTeafler follow it into the 
ni(‘senlery, l)etwe(‘ii wlios(‘ layers it 
curves fo the ri^ht until it leaehes the 
ileum 6 inelu's from the ih'o-colic junc- 
tion. There it ends by formin.i», an arch 
with one of its own braiich(‘s the ileal 
Iminch of th(‘*il(‘o-(*oli(* artery. 

Branches: (a) To the small intestine: 
inferior pancreatic* o-duodcnal, 
jejunal and il(»al. 

(b) dV) the large intestine: 
ileo-colic, right colic, middle colic 

The Inferiou Pancreatico-duo- 
DENAL A. arises at the lovver part of the 
head of the pancreas. It divide.s into an 
anterior and a posterior braneli which, 
with corres^nding branches of the su- 
perior pancreatico-diiodonal a., form tw'o 
arches, one in front of the right margin 
of the head of the pancreas and the other 
behind it. Each arch gives branches to 
the head of the pancreas and sends a row 
of straight terminal vessels, the vasa 
recta, to the 2nd pari of (he duodc'num. 
Between the tw<j rows of va>a ilu* com- 
mon bile duct descemE. diu'se two 
arches link the superior meson I eric a. to 
the celiac a. {fig. 27S). 

Jejunal and Ileal Arteries. 12 or 
more branches fan out from the left side 
of the artery into the mesentery w^here 
they unite to form loops or arches from 
which straight terminal branches, vasa 
recta, tend in the main to pass alter- 
nately to opposite sides of the jejunum 
and il^um. Roughly, it may be said that 
the vasa reqla for the 1st quarter of this 
part of the small gut spring from single 


arclies, those from the 2nd quarter from 
a double tier of arches, those from the 
3rd quarter from a triple tier, and those 
from the 4th quarter from a quadruple 
tier. The vasa recta do not themselves 
anastomose but pass to the submucous 
• plexus where they ramify {fig. 221) 
and the ramifications anastomose freely, 
i.e., they are end-arteries. 

The 3 Colic Branches of the c. mes- 
enteric a. arise from its right border. 
Each rpns a strictly subperitoneal 
course, bifurcates, and joins the artery on 
each side of it to form loops or arches at 
a very variable distance (0.5--8 cm.) from 
the gut wall. The colic branches of the 
inferior mesenteric a. run similar sub- 
peritoneal courses to the left and bi- 
furcate similarly to form loops, and the 
result is a series of anastomosing links 
called ^The marginal artery of Drum- 
mond'', which extends from the beginning 
of the a.^cending colon to the end of the 
pelvic; colon (fig. ^67 ) ) Take care not to 
damage* it. 'Tin* l(‘nniual branches to 
th(‘ colon ])roc('(‘d h orn “I ho marginal ar- 
tei'v*’ as d(‘scrib(‘d on page 262. 

7’//r Hi’o colic \rfcrg descends sub- 
peril oneally towards flic iloo-eocal re- 
gion As will be seen later, it crosses 
linsl the* i. v. cava and then the ureter, 
genito-ft'rnoral nerve, and testicular ves- 
sels which lie on the psoas fascia, and 
divides into an ascending and a descend- 
ing branch. The descending (ileo-cecal) 
branch divides into — anterior cecal, pos- 
terior cecal, appendicular, and ileal 
branches. Of these, the anterior cecal 
branch passes in the superior ileo-cecal 
fold of peritoneum to the front of the 
cecum and ramifies there. The posterior 
cecal branch ramifies on the back of the 
cecum. The ileal branch anastomoses 00 
in the mesentery with the end of the su- 
perior mesenteric a. to form a single, or 
sometimes double, tier of arches from 
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which yasa recta procteed to the last 6 
inches of the ileum {fig. 266). The ap- 
pendicular branch descends behind the 
end of the ileum and runs in the free 
edge of the mesentery of the appendix. 
In 30% of 60 specimens the appendix is^ 
supplied by 2 arteries: one from the an- 
terior cecal a. and one from the posterior 
cecal a., or both from the posterior cecal 



perior left colic, between inferior left colic and 
superior rectal. See p. 262.) 

a., or both from the anterior cecal a. 
(Shah and Shah). 

The Right Colic A. crosses the same 
structures as the ileo-colic a. t^xcepi 
when it arises higher than usual and 
crosses the duodenum) and divides into a 
descending o»nd an ascending branch : the 
latter crosses the lower pole of the right 
kidney. 

The Middle Colic A . arises at the lower 
border of the pancreas. It curves down- 
wards in the right half of the transverse 
mesocolon and divides into a right and a 
left branch? It is in danger of being cut 


when the right gastro-epiploic artery is 
being cleaned, as only two layers of peri- 
toneum separate the two vessels. 

When the greater omentum and the 
transverse colon arc thrown upwards, the 
artery then curves upwards in the right 
half of the transveme mesocolon. 

The Inferior Mesenteric Artery sup- 
plies the large gut from the left end of the 
transverse colon to the lower e^d of the 
rectum. It arises from the front of the 
aorta inches above its bifurcation, 
therefore } inch above the umbilicus, and 



Fia. 26(). The branches of the ileo-colic 
artery. 

therefore in front of the 3rd lumbar 
vertebra, where the lower border of the 
duodenum overlaps it. It descends sub- 
peritoneally on the aorta and the psoas 
fascia, crosses the left common iliac 
artery, and enters the pelvis as the 
superior rectal (sup. hemorrhoidal) a. 

Branches: 

(a) upper left colic, 

(b) lower left colic (sigmoid). 

•The Upper Left Colic Artery arises 
1-2 inches along the stem of the i. mes- 
enteric a. and passes sub-peri toneally to 
the left across the testicular vessels, 
ureter, and inferior mesenteric vein and 
divides into an ascending and a descend- 
ing branch. Of * these, the ascending 
branch crosses the lower pole of the left 
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kidney, just as the ascending branch of 
the right colic a. crosses the lower pole 
of the right kidney. 

The Lower left colic (sigmoid) Arteries 
are generally 2 4 in number (Jhj. 2G7). 
The firsl. commonly arises from the upper 
left colic artery; the lowest from Uic 
upper end of tlie supcTior leetal (sup. 
haomorrhoidal) artery. TJk' upper 
branches^ cross the structures in front of 
the Psoas, (viz., inf. mesenterie vtan, 
ureter, genito-femoral nerve, and testic- 
ular vessels). The lower brandies cro.ss 
the common ok external iliac vessels and 



Fio. 2G7. The branches of the inferior- 
mesenteric artery. (After Steward). 


enter the horizontal part of ilio [>elvic 
meso-colon where they form t wo or three 
tiers of arches. 

The Marginal Artery (of Drummond). 
The end of the s. mesenteric a. and ad- 
jacent branches of the ileo-colic, right 
colic, middle colic, upper left colic, and 
lower left colic (sigmoid) arteries fornT a 
series of anastomosing loops which ex- 
tend from the end of the ileum to the end 
of the pelvic colon. The loops are for the 
most part single, though at places — 
notably at U^e right colic flexure and at 
the diagonany opposite pelvic colon — 
they commonly form double or even 


triple tiers. The result is a continuous 
marginal artery situated from 0.5 to 8.0 
cm. from the wall of the large gut. It is 
closest along the descending and pelvic 
colons. 

Long and short terminal branches pro- 
ceed from ‘‘the marginal artery” to the 
colon (fig. 26‘S). The long branches bi- 
furcate near the mesenteric border an to 
anterior and posterior branches Vhich 
run a subscrous course in the haustra for 
one-third*‘of the circumference of the gut, 
that is to the next taenia, and then pass 
deep to the taenia, pierce the circular 
muscle coat, and enter the submucous 
plexus. The anastomoses they effect 
across the anti-mcsonteric border are 
meagre. The short branches, which 
are 4-5 times as numerous as the long 
l^ranches, spring both from the long 
branches and from the marginal artery 
directly. They pass to the mesenteric 
border and to the mesenloric two-thirds 
of the eircumfcronce. Like the long 
branches they pass to the submiieous 
plexus after a short tortuous subserous 
course The muscle coats arc mainly 
supplied by recurrent branches from the 
submucous plexus. 

VAfUATiONs. (a) In about 5 per cent 
of J(M) specimens the marginal artery is 
discontinuous, du(‘ to the ileo-colic a. 
failing to anastomose witli the right colic. 

(b) The right colic a. very commonly 
takes origin either fi-om the middle' colic 
or the 'ileo-colic artery, (c) The middle 
colic a. commonly has an accessory left 
branch, (d) The left colic a. supplies the 
left end of the transverse colon in about 
67 per cent of cases, and in 33 per cent 
it fails to reach the left colie flexure. 

(c) The middle colic and left colic aa. 
probably always anastomose, although 
the portion of the marginal artery so- 
formed is long and usually single, (f) 
A large branch (the arc of Riolan) not 
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rarejy connects the stem of the s. mesen- 
teric a. with the left colic a. on the pos- 
terior abdominal wall, (g) Occasionally 
a branch connects the left e.olic a. with 
the splenic a. (h) The marginal artery 
docs not link up tlie lower left colic a. 
with the superior rectal a. — except occa- 
sionally and feebly- so, if the superior 
rectal a. is obstructed beyond the origin 
of the'* lowest of the left colic aa., there 
is little chance of an eflect-ivc' collateral 
circulation being estaldished {jiij. 265). 


when these are present, and ends either 
in the splenic vein, which is embedded in 
the posterior surface of the pancreas, or 
curving medially it crosses in front of the 
stem of the s. mesenteric artery to the 
angle between the s. mesenteric and 
splenic veins. The branches of the lower 
and upper left colic arteries necessarily 
cross it, optionally in front or behind; the 
testicular artery and the genitcvfeiBoral 
nerve also cross it, but without option 
— they, of course, cross behind. 



EPIPLOIC 

■* appendage 

MESOCOLIC 
LONa BAND 


-LONG BRANCH 


Fig, 268. The blood supply of the colon. (After Steward) 


The Superior lilesenteric Vein lies on 
the right side of its artery. This you 
might expect from the facts that the 
artery arises from the aorta w^hich occu- 
pies the median plane, and that the vein 
ends in the portal vein which, as you 
have seen, ascends in front of the i. v. 
cava — a structure situated to the right 
of the median plane. 

The Inferior Mesenteric Vein is the 
continuation .of the superior rectal vein 
(sup. haemorrhoidal vein). It begins in 
front of the left common iliac artery and 
ascends subperitonealfy on the psoas 
fascia between its artery, which lies 
medially, and the ureter which lies 
laterally. It occupies the free edges of 
the para- and superior duodenal fossae, 


Tht Lfeft Testicular Vein enters the 
abdomen through the deep inguinal ring 
and ends in the left renal vein ; so, it begins 
lateral to the inferior mesenteric vein and 
it remains lateral; should it happen to 
cross, it would, of course, do so pos- 
teriorly. In short, the inferior mesenteric 
vein is part of the portal system, but the 
testicular vein is not; so, by following 
these veins to their terminations (i.e., to 
thsir recipient veins) they can infallibly 
be distinguished. 

Structure of the Intestines from Jeju- 
num to Pelvic Colon. When this portion 
of the gut is opened either entirely or in 
y to 4^^ stretches, folds of mucous 
membrane, the plicae circulareSt are seen 
running transversely for variable dis- 
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tanccs around the gut wall and com- 
monly branching. Unlike the folds or 
rugae in the stomach, these are perma- 
nent; they contain a skeleton of areolar 
tissue derived from the submucous coat; 
and th(*y greatly increase the absorptive 
surface of the gut. They begin in 4he 
duodenum, 1" to 2" from the pylorus, and 
end beyond the middle of the ileum. In 
the duodenum and upper part of the 
jejunum they are high (about 6 mm.) 
and closely set; lower down they gradu- 
ally become smaller and more widely 
separated. Ibwards the middle of the 
ileum collections of lymphoid tissue, 
solitary lymph nodules, ?-3 mm. in diam- 
eter, appear and are present throughout 
the remainder of the small and large guts. 
On holding the otherwise translucent gut 
• to the light, they appear as dark patches. 
Also in the ileum, at the antimescnteric 
border, are 20 or more aggregated lympn 
nodules (Pcycr^s patches); they are ob- 
long, Y wide by 1" or more long, the long 
axis being "in the long axis of the gut. 
Lymphoid tissue being a tissue of youth, 
these nodules are not commonly seen 
in dissecting-room subjects. Finger-likc 
projections, villiy (.5 to 1.5 mm. long) 
cover the mucous surface from pylorus 
to ilco-colic valve. They are be.st seen 
under water with a len.s. They, too, 
greatly increase the absorptive surface of 
the gut. 

The Ileo-colic (ileo-caecal) Valve. Here 
the circular muscle of the small gut, cov- 
ered with mucous membrane, pouts into 
the large gut. The orifice or mouth is a 
transverse slit; its upper lip overhangs 
the lower and, so, directs issuing contents 
downwards into the caecum. From each 
angle (anterior and posterior) of the ori- 
fice a fold, the frenulum, extends trans- 
versely. In certain hardened and con- 
tracted spilimens the orifice is circular. 

The Appendix opens into the caecum Y 


to \Y below the ileo-colic valve.. Its 
mouth may be guarded by a semilunar 
fold of mucous membrane. Its mucous 
coat is packed with lymph nodules, hav- 
ing germinal centres like the (palatine) 
, ton.siI. Its lumen is narrow and attempts 
to inject it (e.g., with melted paraffin 
wax) commonly fail, because it is com- 
monly partly obliterated and fibrous. 

The sacculalions or haustra of the 
caecum and colon are permanent, the 
taeniae feoli acting as elastic bands; but 
on nicking the taeniae, the gut may be 
lengthened and the sacculations dis- 
appear. 

The mucous and sub-mucous coats of 
the gut are readily peeled off the circular 
muscle coat, and the vessels entering the 
submucosa are then seen. 

DUODENUM AND PANCREAS 

The word Duodenum is a Latin cor- 
rupiion of i]\o Greek word dodekadak- 
tulos, moaning twelve fingers, (cf. the 
12 islands in die Levant called the Dodec- 
auos(‘ fslauds). About 300 13.C. Ilero- 
philus of Alexandria gave the name 
do-deka-dak(ul()s to the first part of the 
intestine before it is thrown into folds. 
It WHS so-calk‘d from its being as long as 
twelve fingers are broad in those animals 
in whi(;h it was first described (Finlay- 
son). In man the duodenum is the part 
of the small intestine that has lost its 
dorsal mesentery. Ten inches long it is 
moulded around the head of the pancreas 
in horse-shoe fashion and is divided into 
four parts: 

1st or superior — two inches long. 

2nd or descending — three inches long. 

3rd or horizontal — four inches long. 

4th ascending — one inch long. 

Surface Anatomy: Vertebral Levels. 
The duodenum begins at the pylorus in 
the transpyloric plane an inch to the right 
of the median plane, and ends at the duo- 
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deiio-jejunal junction slightly below the 
transpyloric plane an inch to the left of 
the median plane. The ends of the 
horseshoe are, therefore, two inches 
apart. Where the 3rd part of the duo- 
denum crosses the median plane, it over- 
laps the origin of the inferior mesenteric 
artery. Though this is of little impor- 
tance in itself, it is : uo1(*^\orthy index 


therefore in front of the vertebra L. 4. 
With this information and knowing the 
vertebral level of the transpyloric plane, 
it becomes a simple matter to map out the 
duodenum on the surface of the body and 
to relate it to the vertebrae. 

rThe Pancreas (Clk. Pan = all; kreas 
= flesh) resembles the letter J, or better 
a retort, set o[)li(iuely. The bowl of the 


Hcpcxtic art.-| Left gaetric art. 

Splervic art. 


RiqKt eu.prarenal 

Portal vein 
BUa duct 

GoLstro - 
duodenal a 



Kidney 

Sup. meecnteric 
vein, and art. 


Inf. meeenteric 
art. and vein 


Ureter 


I'lG. 269. Abdominal viscera and vessels 


to the surface anatomy and vertebral 
level of the 3rd part of the duodenum 
Uig- 269), 

Thus: — The umbilicus lies at the level 
of the disc between the 3rd and 4th 
lumbar vertebrae, and is midway be- 
tween the origin of the inferior mesenteric 
artery and the aortic bifurcation. The . 
artery arises } of an inch above the 
umbilicus and therefore in front of 
vertebra L. 3 ; the bifurcation takes place 
} of an inch below the umbilicus and 


’ retort, kiKuvn as I lie /uat/ of the pancreas, 
lies within tht* (concavity of the duo- 
denum, whilst; the stem of the retort, di- 
vided indefinitel}" into neck, body, and 
tail, slants oblujiiely across the abdomen. 
The tip of the tail abuts against the 
spleen and lies above the level of the 
head. The pancreas has two processes: 
(a) the uncinate process, whicli projects 
from the lower part of the head medially 
behind the superiev mesenteric vessels, 
and (b) the tuber omentalc, which pro- 
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jec^ts upwardtei from the body and fits 
into the lesser curvature of the stomach. 
There it abuts against the lesser omen- 
tum whicli separates it from the down- 
wardly projecting tuber omentale of the 
left lobe of the liver. 

The celiac artery, with the crura pf 
the diaphragm astride it, lies at the 
upper border of the pancreas and sends its 
hepatic branch to the right along the 
upper border of the neck and h(iM,d of the 
pancreas, and the splenic branch to (he 
loft along the upper border of (he body 
and tail of (.lie f)ancreas. 

Surface Anatomy: Vertebral Levels. 
With these facts, and recalling that the 
diaphragm des(!cnds in the mcHlian plane 
to the disc between the last thoracic and 
first abdominal (or lumbar) vertebra, it 
becomes a simple matter to map out the 
pancreas on the surface of the body and to 
relate it to the vertebrae. Thus: — The 
head lying within the concavity of the 
duodenum lies in front of vertebra L. 2; 
the body ris^s to the level of the celiac 
artery and, therefore, is in front of verte- 
bra L. 1 ; whilst th(' upwardly sloping tail 
is at the level of vertel)ra Th. 12, 

Development. Before proceeding fur- 
ther with a description of the relatioirs 
of the duodenum and pancreas, the follow- 
ing essential embryological con.sjderations 
should be recalled: — 

1. When at the fourth month of fetal 
life the cecum and adjacent parts of the 
intestine are withdrawn from the extra- 
embryonic celom (in the umbilical 
cord), the intestines undergo rotation, 
counter clock-wise, on the axis of the 
superior mesenteric artery, in conse- 
quence of which the stem of the artery 
comes to lie in front of the 3rd part of the 
duodenum and behind the transverse 
colon \jig. Thereafter, the duode- 

num is thilRt by the transverse colon 
against the structures lying on the 


posterior abdominal wall, and it Joses its 
dorsal mesentery; that is, the right layer 
of its mesentery adheres to the structures 
on the posterior wall of the abdomen. 
The pancreas, which lies between the 
tw^o layers of the dorsal mesentery, like- 
wise loses the layer of peritoneum which 
formerly clothed its right surface — now 
its posterior surface. The transverse Qolon 
in turn loses part of its mesocolon \.’here 
it crosses the second part of the duo- 
denum and the head of the pancreas, but 
retains it where it lies in front of the body 
of the pancreas (Jigs. 2^'') 270). 



Fig. ‘J70. Showing how tho portal vein de- 
velops from a figure-of-8 anastomosis aroiintl 
the duodenum. 

2. The right and left vitelline veins, 
returning blood from the yolk sac, are so 
united to each other below the liver as to 
suggest that the upper and lower limbs 
of the duodenum are held in venous 
manacles (fig. 270). Tlic veins twine 
about the duodenum in figure-of-8 fash- 
ion. The splenic vein comes to open into 
the intermediate part of this figure-of-8. 
The portions of the 8 anterior to the first 
part of the duodenum and posterior to the 
third part disappear with the result that 
the superior mesenteric, splenic and por- 
tal veins of adult anatomy take form. 

3. The ducts of the liver and pancreas 
arise as two outpouchings of the endo- 
derm of the duodenal wall. • The g land- 
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tissue of the liver and pancreas accessory pancreatic duct and first part 
develops from the ends of the ducts: the of the duodenum. 


r emainder is of mesodermal origin. One 
endodermal bud grows from the posterior 
border of the duodenum into tiie dorsal 
mesoduodenum^ It is the rudiment of» 
the accessory pancreatic duct (of San- 
torini). Around it the neck, body, and 
taaTof the pancreas develop. From the 
anterior border of the. duodenum, and at 
a lower level, anotlua* endodermal bud 
grows into the ventral mesoduodcmim 


GALL B. PORTAL V. 



BEFORE ROTATION 

Fig. 271. The rudiments of the liver and 
pancreas arise as outpouchings of the duo- 
denum into the ventral and dorsal meso- 
gastria. 

(or mesogastrium) . It is the mdiment of 
the bile ducts and of the liver and also of 
the main pancreatic duct around which 
the head of the pancreas develops (fig. 
271). 

4. The 2nd part of the duodenum 
undergoes partial rotation on its own long 
axis/due to the fact that different parts 
of its wall grow unequally. As a conse- 
quence, the opening of its upper or acces- 
sory duct, which was formerly posterior, 
is now carried to the front; and the duct 
which was originally anterior and lower is 
carried posteriorly to the concave border 
(fig. 272). This explains why^the (com- 
mon) bile duct passes upwards behind the 


For descriptive purposes, the head of 
the pancreas may be regarded as swinging 
round behind the junction of the splenic, 
superior mesenteric, and portal veins, 
thereby causing them to occupy a position 
between it and neck of the pancreas. 
The pancreas seems to close on these veins 
much as a book might close oft a book- 
mark. 

5. The tail of tlic pancreas, growing 
between the layers of the dorsal meso- 



AFTER ROTATION 

Fig. 272. The two rudiments of the pancreas 
dose on the portal vein (or s. mesenteric ves- 
sels) like a book on a book mark. 

duodenum, ultimately abuts against the 
spleen which develops from the left layer 
of the dorsal mesogastrium (figs. 2/^9^ 
250). 

6. A communication is established be- 
tween the two ducts of the pancreas. 
Thereafter, the lower duct conducts the 
main volume of pancreatic juice into the 
duodenum. It is true that in about 13.0 
pet cent of persons the two ducts fail to 
unite; that in 15 to 25 per cent the orifice 
of the upper duct becomes occluded, and, 
therefore, that in 28 per cent or more 
persons it would not be possible for fluid 
in the lower duct to pass into the duo- 
denum via the uppfer duct. Though the 
lower duct rarely becomes occluded, the 
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upper duct in s.iy 8 per cent is Jarpjcr 
than the lower {Jig. (Haldwin.) 

The (luodenuni was defined above as 
the part of tfie small gut that liad lost its 
mcsenter■}^ This is not tnie of the first 
incli of the duodenum, for it has two 



Fig, liTS. The retroperitoneal viscera which 
lie on tlio posterior abdominal wall (rough 
areas are devoid of peritoneum). 



Fio. 27 i. Same as figure 273 after removal of 
the duodenum and pancreas. 

Ik 

mesenteries — the lesser omentum, which 
is attached to its upper border, and the 
greater omentum, which is attached to its 
lower border. They allow the first inch 
to move fr||ly with the stomach. 

The Anterior Relations of the Duo- 
denum and Pancreas. You have seen 


that the gall bladder rests on the first 
part of the duodenum and on the trans- 
verse' colon {fig. 228). The 1st part of 
the duodenum, however, is longer than 
the gall bladder is wide; so, it is in 
.contact with the liver on each side of the 
gall bladder. Its antero-superior rela- 
tions are: quadrate lobe, neck of gall 
bladder, and right lobe. The transverse 
colon is the direct anterior relation of the 
2nd part of the duodenum. The superior 
mesenterS; vein and artery cross anterior 
to the 3rd part of the duodenum in the 
root of the mesentery; and clinically they 


Upper recess 


Lesser omentum 


Lower recess 

Greoter 

omentum 



Fio. 275. Diagram 
sac, and stomach bed, on sagitlaliBection. 


Trunsverse 
mesocolon 

of tlie stomach, lesser 


appear at times to constrict the duo- 
denum. Indeed, in the dissecting roctas, 
tlie duodenum is commonly found to be 
dilated before the site of crossing and 
contracted beyond. Coils of jejunum 
lie in front of the remainder of the 
duodenum. , 

The pancreas has two aspects, an 
anterior and a posterior. The transverse 
colon is attached to the anterior aspect 
of the head by areolar tissue and is sus- 
pended from the anterior aspect of the 
body andUail (near its lower part) by the 
transverse mesocolon. When the sur- 
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rounding hollow viscera are distended, 
the body of the pancreas becomes trian- 
gular on cross section, in whicli case the 
line of attachment of the transverse meso- 
colon becomes the anterior bonier, the 
area above it the antero-superior surface > 
and the area below it the antero-inferior ' 
surfa(!e (fig. ^7^‘i). The antero-superior 
surface is obviously covered with peri- 
toneum of the lesser sac; the antero- 
inferior with peritoiunim of the greater 
Siu*. The tip of the tail extemis into the 



Fio. ‘iTtl. Uclulions of the Riistro-intestinal 
apparatus to tlic panorcas 


LIVER 


PYLORUS 


STOMACH 
i 



SPLEEN 


COLON 


I tcOLON 
JEJUNUM 
D-J. JUNCTION 

Key to figure 270. 


lieno-r(*Tial ligament and abuts against the 
spteen. 

panen^as is surrounded by various 
portions of the gastro-intestma\ tract, 
and these come to overlie it as shown in 
figures 27G, 277. The 1st part of the 
duodenum, be more precise, overlaps 
the front of the head of the* pancreas; 
its 2nd and 3rd parts are overlapped by 
the head. 

The Posterior Relations of the Duo- 
denum and Pancreas (fig. ^74) are those 
structures that lie in front of the posterior 
abdominal *wall from the level of the 


^69 

celiac artery above to the inferior mesen- 
teric artery below; and, from the hilum 
of the right kidney to half way across the 
anterior surface of the left kidney, Avhere 
the tail of the pancreas enters the lieno- 
renal ligament and touches the spleen. 
These structures belong to the “three 
paired gland system” and to the great 
vessels, and will be appreciated more 
hilly when tliey have been dissected. It 
is, of course, understood that ihe duo- 
denum and pancreas do not adliere to 



Fig. 27S. The blood supply of the duo- 
denum. 

these posteriorly lying structures, save in 
the median plane. They are separated 
from them by two areolar membranes, 
the remains of the two peritoneal layers 
(devoid of their scpiamous epithelial 
lining) that originally separated them. 
Between these tAvo laj^ers there is no 
structural continuity. 

The Blood Supply of the Duodenum 
and Pancreas (fig. ^78). The duodenum 
and the head of the pancreas are situated 
at* the site of union of the celiac and 
superior mesenteric arterial systems, and 
are supplied largely by the .superior and 
inferior pancrcatico-duodcnal arteries. 
These two arteries anastomose t9 form 
an arch in front of the head of the pan- 
creas and another &rch behind it. From 
these two arches the 2nd and 3rd parts of 
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Iho duo(](‘niiJu rr(;ci\c ;iii :inU;rior and a 
posterior ro\v of \'as:L reel a. Tn this, re- 
spect ili(‘ (liiodeiuim is unique, for uo 
other part of the "ut, either small or 
larftv, j'e(;(‘ive.s two rows of vasa. 

The j)ody and tail of tlie pancr(‘as arc 
supplied by two eotistanl arteries: (?i) 
ilui s'plemc artery whieli runs behind the 
upper border of th(^ <»;Iand, and (bj the 
inferior pancreatic artery f<*onnnonIy de- 
rived from tlie sup. mes('nlerie :u '* which 


Ht-BILE duct 



»HOOO. DUODENAL PAPILLA. 
LONGITUDINAL FOLD 


Fig. 279. The interior )f the <liK)Uenurn, 
The pancreatic ducts. 

runs behind the lower border. Other, 
inconstaiit arteri(*s sui)ply the ^land. 
(Pierson ; Wharton . ) 

It is in the 1st part of tlie duodenum 
that duodenal ulcers occur. The blood 
supply is therefore of interest . The upper 
border, two-thirds of the anterior sur- 
face, and one- third of the posterior surf a'ce- 
of the tirst inch-and-a-half of the duo- 
denum arc supplied by what is practically 
an end-artery, the supraduodenal branch 
of the gastig-duodenal a. (sometimes 
from the erannon, right, or left hepatic 
aa.). Anmher independent twig (or 
twigs), the reiro-dnodenal branch of the 


gastro-duodenal a., helps to supply the 
posterior wall. The right gastroepiploic 
a. supplies the inferior border; the right 
gastric a. may supply a twig to the upper 
border. 

I The Structure and the Interior of the 
Duodenum (Jiy. 270). A cast of the 
duodenum, made by pouring melted 
paraffin wax into it, shows that: (a) its 
first one or two inches are sinooth; 
beyond this, plicae circidares of mucous 
membrane are large and numerous; (b) 
the conjoint bile and main pancreatic 
duct, wdiich dilates as it traverses th(‘ 
duodenal wTill t(; form the am pall a of 
\'ater (5 mm. long), opens on to the 
duodenal papilla of Vater, which is situ- 
ated on the concave side of the duo- 
denum 3 inclu's from the pylorus; (c) 
from the papilla a plica^ loyigitudinalis de- 
scends, and over the papilla a semicircular 
iwoddike fold is commonly thrown; (d) 
the accessory pancreatic duct opens into 
the duodoiium oti an accessory papilla, 
anloro-supciior to the dutxlenal pa- 
pilla. ((yi »Somciimes the duodenal pa- 
pilla i.s .situated at the end of a short 
conical diverticulum gf the diuxienal 
wall. Sometimes the bile and main 
pancreatic ducts open on the papilla 
independently, one above the other. 

Tlie duodenum has a complete tunic of 
racemose glands, the duodenal glands of 
Brunner. In that they lie outside the 
tunica inuscularis mucosae, they resemble 
the mucous glands of the esophagus and 
differ from all other glands of the gastro- 
intestinal tract. 

The main duct of the pancreas runs 
near the posterior surface of the gland 
and should be dissected from behind. It 
resembles a herring bone, in that small 
ducts spring from the main duct which is 
straight; hence, microscope sections of 
the gland reveal either large ducts or 
small ducts, but no ducts of intermediate 
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size. By this the i)Hnoi‘eas may be dis- 
tinguished from other serous glands, such 
MS the parotid and lacrimal, which have 
arborising ducts of graded sizes. 

In displaying the (common) bile duct 

you should make use of your embryo- 


bile duct from the front isdestruclivc : — 
the transverse colon must be pulled down, 
the 1st part of the duodenum c]it across, 
the anterior row of vasa recta and the 
accessory pancreatic duct cut across, in 
order that the head of the pancreas may 


logical knowledge and rc-open obliterated^])^ separated from the second part of the 


portions of the peritoneal cavity {jig. 
2S0). (1) First, pifll the transverse colon 

dowr^vards from off ilie front of tlie 2nd 


duodenum. Further, tlie pancreas in- 
vades the duodenal wall around the ac- 


part of the duodenum and liead of the 
pancreas. AAlien done, note ithat the 
posterior aspect of tlu^ transverse colon is 
covered with a smooth areolar membrane 
and that the bared parts of the duodenum 
and pancreas are similarly covered. 
These are the areolar layers of peritoneum 
from which the sciuamous cells have been 
absorbed. In short, you have restored 
to the right end of the transverse colon 
its primitive mcsbcoloii. (2) Then raise 
the duodenum and head of the pancreas, 
and sw’ing them forwards, as though on a 
hinge, towards the median plane. Note 
that their posterior surfaces are covered 
with a smooth areolar membrane and that 
the anterior surfaces of the kidney, renal 
vessels, and i. cava, from wliich they 
have been raised, are similarly covered. 
You have restored in part the ineso- 
duodenum. (3) You can now follow the 
bile duct downwards behind the 1st part 
of the duodenum and head of the pan- 
creas, and between the two rows of vasa 
recta duodeni that proceed from the 
anterior and posterior arches of the 
pancreatico-duodenal vessels, and so to its 
junction with the main pancreatic duct 
3 inches from the pylorus. Below the 
mouth of the lesser sac the bile duct is 
separated from the i. v. cava by two 
areolar membranes, the posterior row of 
vasa recta, and commonly in its last half 
inch by a portion of the head of the 
pancreas. 

Warning.* To expose the (common) 



Fio. 280. Display of the bile duct by the 
embryological approach — see text. (Arrow 
passes through the mouth of the lesser sac.) 


cessory duct; hence, separation involves 
laceration. 

Observation. Trace downwards the S 
chief structures in the free edge of the lesser 
omentum noting their different relation- 
ships to the head of the pancreas. Thus : 
(1) The (common) bile duct passes behind 
the head. (2) the portal vein, prolonged 
as the superior mesenteric vein, passe.s 
between the head and neck. (3) The 
hepatic artery , prolonged the gastro- 
duodenal artery, pajsscs between the head 
and the duodenum, f of an inch from the 
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pylorus. Note tliat two of these, the bile 
duct and the f)ortal \’ein, are important 
anterior relations of the i. v. cava. Both 
are se])aratcd from tlie i. v. c. by two 
areolar naaiihranes; the bile duct is also 
separated from it by a row of vasa recta. 

The Bile Passages and the Gall Blad- 
der. STmJCTUKE. The intrahepatic 
ducts begin as intralobular ductules which 



Fir;. LVSl mucous moinbruiu' of the 

bladder ajul cxti‘a-hei)alic Ihlc passages. The 
two sphinctors are shown diagi'arimi.atieallv 
This bladder happened to have a folded fundus. 

are merely clefts between cords of con- 
tiguous liver cells. These are con tinned 
as interlobular ducts wliirdi are lined 
with cubical cells, and which anastomose 
freely with adjacent ducts, and accom- 
pany the branches of the portal vein and 
hepatic artery (Jifj. 4^). The exlrahc- 
pnlic ducts (viz., right and left liepatic, 
common hepatic, cystic, and bile) a,rc 
fibrous tubes containing many elastic 
fibres and lined with columnar epithe- 
lium, but without a muscle coat, except 
at the lower part of the bile duct where 
there is a^phincter which apparently 
can suppo^a column of bile (Bo 3 Tleii). 
Another spliincter (Oddi) guards the 


common tc'rmination of the bile and the 
pmicrcaitic duct, fn the cystic duct there 
is a. spiral fold which probably serves to 
k(*(‘p the duct patent {fuj. 2Sl). The 
('xlrahejiaiic ducts have a thin watery 
secr(‘tioii. 

The inner surface of the gall bladder is 
covered with small polygonal compart- 
ments, opening on to the interior, and 
n^sombling the cut surface of a honey- 
comb. Like villi, these greatly increase 
the absorptive surface and, indeed, on 
cross section the walls of the compart- 
ments look like villi. The wall of the 
gall bladder has : a single, inner layer of 
columnar cells, a tunica propria, a muscle 
coat of decussating fibres, a subserous 
coat, and a serous coat (except where the 
bladder is applied to the liver). Al- 
tJiough the gall bladder is an outgrowth 
of tlie Mual] inii^stine, it* differs from it in 
luiving (a) no gobl(T cells (but it secretes 
a (hi(tk mucinous matcrian, (b) no tunica 
muscularis mucosae, and (c) no separate 
jniK'r arid ouut iniisch' coals At the 
neck of the bladder there are some' tubiilo- 
ah <‘olar glands. 

FuNCTiON. 11ie function of th(3 gall 
bladder i.- lo coma'nti'ale (hence the large 
honeyt'oTiib alisorplive surlaia') and store 
the bile brought to it from tin* liviM* via 
the cystic duct between meals and to dis- 
charge it into the intestine via the cystic 
duct during meals. Thus, dilute bile 
flows up the duct and concentrated bile 
flows down again. 

The Vessels and Nerves to the gall 
bladder. The cystic artery^ a branch of 
the right hepatic, ramifies both on the 
free surface of the bladder and on the 
attached. Occasionally there is an ac- 
cessory cystic arterj’^ derived from the 
right, the left, or the common hepatic 
artery. The cystic vein empties into the 
right portal vein, l^he lymph vessels pass 
to the cystic gland at th(3 neck of the 
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bladder and thence downwards along the 
biliary chain. The nerves are derived 
from the gastric nerves (vagi) and from 
Th. 7, 8, 9 via the cocliac ganglion. 

Development and Variations. The 
bile duct developed as an outgrowth from 
the duodenum (fig. It branched 

and rebranched more or less dichoto- 
mousl^. One of the main branches, the 
cystic duct, instead of branching gave 
rise to a blind vesicle, the gall bladder. 
Occasionally the gall bladder, “forgetfur* 
of its modified function, branches too; 
this explains fig. 282-H. 

Precocious branching of the bile pas- 
sages is common, and wlien the branch 
is in surgical danger, the fact is of im- 
portance. d'hus, the cystic duct may 
end much lower than usual (fig. or 
much higher, souietimes joining the r. 
hepatic duct (B), and it may swerve 
across the common hepatic duct (C). 
When there are two right hepatic ducts, 
the lower is called an accessory hepatic 
duct. Accessory hepatic ducts may end 
as depicted (D, E, F, G, II). 

The gall bladder is rarely absent (un- 
less, like an offending appendix, it has 
been removed). It is rarely buried in 
the liver, but occasionally it is suspended 
from the liver by an acquired mesentery. 
It is commonly attached to the trans- 
verse colon or to the duodenum by a 
peritoneal fold. Occasionally it has a 
sacculation at its neck (Hartman's 
pouch), and occasionally the fundus is 
congenitally folded upon itself within its 
serous or peritoneal coat (fig. 281), or the 
folding moy* include the serous coat. 
Although bilobed gall bladders are very 
common in domestic animals, in man 
they are rare; [17 cases of double bladder, 
however, each with a separate cystic 
duct, have been reported (Boyden)]. 

Structure of the Liver, Pancreas, and 
Spleen. The Liver. On examining a 


sagittal section of the liver passing 
through the porta, the following facts 
may be determined. The serous (peri- 
toneal) covering and the underlying 






cystic duct. D, E, F, G and H accessory 
right hepatic ducts. (Of 95 gall bladders and 
bile passages injected in situ with melted wax 
and then dissected, 6 had accessory hepatic 
ducts in positions of surgical danger. Of 
these, 3 joined the common hepatic duct near 
the cystic duct (D), 2 joined the cystic duct 
(E), and 1 was an anastomosing duct (F). 
Accessory ducts may join the bile duct (G), and 
also the gall-bladder (H). All except H were 
sketched from specimens.) , 
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fibrous capsule are adherent to each other, 
delicate, and easily torn from the liver 
substance. At the porta the capsule 
(Glisson’s capsule) is carried into the 
liver ii.s a, .sleeve Ihut envelops the por- 
tal \ ein, hepatic artery, and hepatic ducts^. 
(also lympji vessels and nerves), and* if- 
branches whenever they branch. The 
cut surface is smooth and is made up of 
innumerable, sm^ll, mottled areas, each 
representing a lobule. Scattered here 
and there are sections across branches of 
the sleeve-like capsule, in which are seen 
an hepatic duel (commonly stained green 
with bile), a small branch of the hepatic 
a. (commonly injected), and a branch of 
the portal vein (commonly collapsed)-- 
all lying in an areolar bed. Elsewhere 
there are small round spaces, i.e., sections 
of the hepatic veins and their tributaries ; 
these, having little, if any, areolar tis.sue 
around them, adhere to the liver sub- 
stance and remain patent. The portal 
vein is an afferent vein— it has branche.s; 
the hepatic veins arc efferent \’eins they 


have tributaries and they converge on 
the i. V. cava (p. 53). A broken or torn 
surface of the liver is granular like a 
torn surface of the labyrinth of the 
kidney. 

The Pancreas is made up of lobules 
loosely held together; it has no capsule. 
A cross-section hardly differs in appear- 
ance from a surface view, except that in 
it the white-walled duct, with tributaries 
entering it in herring-bone fashion, is 
seen (p. u4). 

The Spleen on section. Little can be 
distinguished. If hardened, it is stuffed 
with blood, granular, and red; the serous 
covering adheres to the thin fibro-mus- 
culo-elastic capsule; from the capsule, 
trabeculae pass into the substance of the 
spleen. If not hardened, the pulp may 
be washed and gently squeezed away 
under the tap, leaving only the capsule, 
framework, and vessels. In a fresh speci- 
men, small white .spots, the Malpighian 
corpuscles, are .''Cen scattered over the cut 
surface (p. -VI). 
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THE THREE PAIRED GLANDS history of these glands, you may have to 
Having disposed of the gastro-intes- your memory to recall which crosses 
tinal canal and its throe associated un- ^Tront and which behind, though a quite 


paired glands, you are in a position to 
considpr the remaining abdominal organs, 
which are the adrenal, the renal, and the 
sex glands. These three paired glands 
together with their ducts, vessels, and 
nerves may be referred to collectively as 
the three paired gland apparatus. Of 
the three paired glands, the adrenals have 
an internal secretion .and are ductless; 
the kidneys have an external secretion 
called the urine, which is conducted to 
the urinary bladder by ducts called the 
ureters; the sex glands ha\'e an internal 
secretion and an external. The external 
secretion of the testes, called sperma- 
tazoa, is conducted to the urethra by the 
ducts of the testes, called the vasa 
deferentia. The external secretion of the 
ovaries, called ova, is conducted to the 
uterus by ducts, called the uterine or 
Fallopian tubes. 

Migrations. All three glands de- 
veloped in the subperitoneal tissue; and 
subperitoneal they remain, save where 
parts of the gastro-intestinal apparatus 
“fall” in front of them and, owing to 
obliteration of the peritoneal cavity in 
between, adhere to them {figs, 248, 
274). The adrenal glands developed in 
situ. That . the testes (and ovaries) 
descend is common knowledge; that the 
kidneys asceild is equally true, though it 
may be less generally known. As the 
testis and kidney migrate, the one down 
and the other up, their paths cross and 
in crossing one obviously must be in 
front of the other {jig. 283). If you are 
not familiqr with the developmental 


permissible mnemonic presents itself in 
the fact that the testes ultimately lie in 
the ventral region of the body;*the kid- 
neys in the dorsal. This happens to be 
the relation of the one gland to the other 
where they cross. 

The ascending kidney dragged its duct 
after it and picked up new vessels during 
its ascent. The descending testis (or 
ovary) dragged after it not only its duct 
but also its artery, vein, lymph vessels, 
and nerves. And it dragged them in 
front of the path of the kidney.* 
Definitively, the testicular (or ovarian) 
vessels and nerves cross the ureter in the 
abdomen; the vas deferens (or uterine 
tube) crosses it in the pelvis. 

It is now evident why the lymph glands 
that drain the testis (and ovary) are to 
be sought not in the groin but lateral to 
the aorta, between the renal artery above 
and the common iliac artery below. 

During its ascent in prenatal life the 
kidney or metanephros climbed, as it 
were, up an arterial ladder the rungs of 
which passed from the aorta to the 
mesonephros (or middle kidney) which 
was atrophying. If the kidney fails to 
let go its hold of one or more of the lower 
rungs after it has grasped one or more 
of the upper ones, then the adult kidney 
possesses more than one renal artery. 
It is on this ba.sis that accessory renal 
arteries are explained {fig. 289 B). 

The Testicular Vessels. The t^ticu- 
lar arteries, one on each side, arise from 
the aorta just below' the renal arteries 
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and run infrro-Iut orally in the siibperi- 
toneal tissuo lo (he* d(‘(*p inguinal ring. 

The iirt(‘rv adlienvs lo the peritoneum, 
except where crossed by the following 
parts of the grasto-intcstinal apparatus: 
on the right, by the 3rd part of duodenum, 
the right colic and ileo-colic vessels, aai 
the end of the ileum or the cecum; 


front of the i. v. cava when it arises 
below the renal veins and behind the 
i. V. cava when it arises a])Ove the renal 
veins, for reasons given (pp. 291, 292). 

Mach artery is accompanied by its vein, 
lym[)h v('ssels, and nerves. 

The right leaticutar vein ends in the 
^\. V. cava; the left rein in the left renal 



Fig. 2S3. The migrations of the kidney and sex gland. Ultimately the relationship of the 
ovarian vessels and uterine tube to the ureter is comparable to that of the testicular vessels 
and vas deferens to the ureter; that is, the vessels and duct in both sexes cross in front of the 
ureter. 

the lefty by the 4th part of the duodenum, 
the inferior mesenteric vein, the left cqjic 
arteries, aiid the iliac part of the descend- 
ing colon, '^llie artery descends in front 
of the psoas fascia, crosses in front of the 
ureter and genii o-femoral nerve, and at 
the deep inguinal ring it lies in front of 
the cxternafcliac artery. 

Further, the right artery crosses in 


vein. As a rule, the right and left veins 
have from one to three V)icuspid valves in 
their abdominal portions, usually towards 
the upp(‘r end (( Icorge). The lymph ves- 
srls end in glands placed between the 
renal and common iliac arteries. The 
nerves are (hnived from segment Th. 10, 
the segm(‘nt in which the umbilicus lies. 
The Ovarian Vessels have a similar 
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course. They, however, cross the ex- 
ternal iliac vessels in front of the ure- 
ter, traverse the infundihulo-pelvic 
ligament, and tlms enter the broad liga- 
ment. 

The Vas Deferens runs a short sub- 
peritoneal cours(^ in Die abdomen proper. 
From the deep inguinal ring it curves 
medially and downwards round the in- 
ferior *cpigastri(‘ artery, crosses the ex- 
ternal iliac vessf'ls, .and entc'rs the pelvis. 

The Adrenal or Suprarenal* Glands 
{Jig. 284) j JA right and a hift, overlap the 
upper ends of tlie kidneys. They are 
crescentic in shape find very friable. 
The glands are situated one on each side 
of the cocliac artery, find, as tlie coeliac 
ganglia alont^ intervi'iie, they are less 
than an ine.li from the jirtiay; indeed, 
their mc<lial borders a)*e exactly 2" apart.. 
A peak added to the right gland converts 
it.s ei‘es(;entic form into a triangulfir one. 

Development. Fac.h gland is composed 
of two parts: an outer golden cortex and 
an inner vascular medulla. The cortex 
is of mesodermal origin ; the medulla is 
of ectodermal. Originally, the gland 
consisted of cortical material only; later, 
sympathetie nerve cells and nerve fibers, 
derived from the coeliac ganglia, trav- 
el h'd along the adrenal vessels, pene- 
trated the cortex, and gave rise to the 
medulla. 

Function and Surface Anatomy. This 
reference to development will remind you 
that the hormone, adrenalin, which re- 
inforces the action of the sympathetic 
nervous system, is derived from the me- 
dulla of the. gland — the cortex is con- 
cerned w^ith the metabolism of* salts and 
water. It will also suggest that a me- 
thodical way to find the glands is; (a) to 
locate the coidiac artery between dia- 
phragm and pancreas, (b) next to trace 
the fibers of the coeliac plexus from the 
coeliac art(?r*y, which they encircle, to 


the tough, nodular coeliac ganglia on each 
side of the artery, and (c) then to follow 
the slender nerve fibers from the ganglia 
to the adrenals {fig. 284)- Further, it 
wdll asvsign th(' ganglia and the adrenals 
to the level of the coeliac artery (i.e., the 
4 ji#^ht of a vertebra and disc above the 
transpyloric plane) and will make it 
fairly obvious that behind them are the 
crura of tin* diaphragm. . 

Relations. Behind, lie the crura of 
the diaphr.agm. In front, they were 


An.t ar\d post 



Fig. 284. The coeliac plexus ami the adrena 
glands. Note the vcrtcibral levels. 


covered in earlier fetal life wdth peri- 
toneum — in postnatal life portions of the 
gastro-intestinal canal and its three un- 
paired glands lie in front. Thus {fig. 
27 S ) : The left adrenal is (U’ossed below 
by the pancreas and thc^ splenic artery, 
elsewhere it is separated from the stom- 
ach by the less(‘r sac; the spleen may 
retfch its upper end. The right adrenal 
is covered either directly or indirectly 
by the liver. Now, embedded in the 
bare area of the liver is the inferior vena 
cava; and since the inferior vena cava 
is here an inch wide and lies half the 
width of the aorta fyom the median plane, 
it necessarily projects more than an inch 
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from that plan(\ so, il follows that tlio faces face antero-laterally and postero- 
vein covers ihe right co(‘liac ganglion and intMlially, because the kidneys are applied 
overlaps tlic medial part of the right to the muscles that clothe the sides of 
adrenal gland (Ju/, 274). The gland, the vertebrae. The circumferential bor- 
howcver, (ixUjnds 1 lelow the l^are area of dcr may be subdivided into two borders, 
the liver and tlien^, lying at I ho mouth of a medial and a lateral, and Iwo poles, 
the lesser sac, is separated from the an uppcT and a lower. The upper pole 


ferior surface of the liver by peritoneum 
of the greater sac. TJic lower layer of 
the coropary ligament (liepato-renal liga- 
ment) is reflected on to it. 

At birth the adrenal gland covers nearly 
the upper half of the kidney; in the adult 
it lies at the upper pole and along medial 
border above the hilum, some fat inter- 
vening. 

The adrenal do(is not reejuire to follow 
ilie excursions of the kidney. In fact, its 
association with the kidney is accidental. 

. Nerves. Numerous tenuous t\vigs 
from tliree arteries converge on each 
gland (a) from the adrenal artery 
proper, Avhich springs from the aorta, (b) 
from the inferior phrenic artery above, 
and (c) from tlu' renal artfay below. 

A single large adnaial vein leaves the 
anterior surface of (‘ach gland: the right 
vein ascends to Ihe i.v. cava; th(' left 
vein descends to the left renal vein. 

1^he greater and lesser splanchnic 
nerves pienie the crura of the diaphragm 
and pass to the respective coeliac ganglia. 
A branch of tlu' posterior gastric nerve, 
containing libers from l)olh vagi, divides 
and likewise passes to both ganglia. 

Th('. half dozen nerve lilaments that 
pass to the adrenal gland are probabl}^ 
derived from the lesser and least splaneh- 
nics and from the 1st and 2ii(l lunitar 
sympathetic ganglia. 

The Kidneys. Each kidney is about 
4-J inches long and weighs about 
ounces. It possesses two surfaces, an an- 
terior* and posterior, separated from 
each other a “circumferential” border. 
In reality the anterior and posterior sur- 


is gen(Tally a little thicker and nearer 
the median plane than the lower; so, the 
long axis of th(‘ gland is directed Infcro- 
laterally. Th(' intermediate' third of the 
medial bordc'r presenis a cleft, the hilum 



or door, which leads into a cavity, the 
renal sinus. {Fig. 285). 

Passing through the hilum into the 
sinus are the pelvis or expanded upper 
end of the ureter, the renal vessels and 
nerves, and some fat. 

As at the porta or hilum of the liver, so 
here at the hilum of the kidney, the artery 
is placed between the vein and the duct 
(i.e., portal vein, hepatic urtery, hepatic 
duct ; renal vein, renal artery i pelvis of 
ureter). At the liver, however, the vein 
is posterior ; at the kidney it is anterior. 
Though the hepatic 'and renal arteries 
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arc variable, it is usual for the renal ar- 
tery to divide at the hilum of the kidney 
into three branches; of these, tv\"o pass 
in front of the pelvis of the ureter and 
one passes behind its upper part. 

Above the hilum, the adrenal gland is 
in contact with the medial border and 
upper pole; below the hilum, the ureter 
is clo^e to the medial border. 

The kidney has a fibrous capsule which 
is easily remo^^ed. Like other abdominal 
organs the kidney lies in the extra-peri- 
toneal fatty tissue. In the midst of this 
fatty tissue there is a tough areolar 
membrane, the renal fascia, which splits 
to enclose the kidney and a certain 
quantity of fat, the perinephric fat. The 
two layers of fascia do not blend below, 
so, the kidneys can move downwards 
with the diaphragm during inspiration; 
neither do they blend medially but pass 
in front of and behind the renal vessels, 
aorta, and inferior vena cava to unite 
indefinitely with the respective layers of 
the opposite side. Above and laterally 
the two layers of fascia blend and fade 
away. 

Surface Anatomy {fig. 283). The 
right kidney does not rise quite so high 
as the left kidney. Apparently the 
presence of the liver is responsible for 
arresting the upward migration of the 
right kidney just as it arrests the down- 
ward eKparision of the right lung. The 
lower poles of the kidneys lie an jnch or 
less above the transumbilical plane, 
which is at the level of the 3-4 inter® 
vertebral disc. The kidneys are 
inches long; So, their upper poles must lie 
about 5^ inches above the transumbilical 
plane. If you will measure, you will find 
these points to be behind the 7 th costal 
cartilages. ' . 

ThjB ^r^nal gland, which caps the 
kidn^ apd lies along its medial border, 
has its' centjre at or above the level of the 


celiac artery and, therefore, at the disc 
between the 12th thoracic and 1st lum- 
bar vertebrae. It follows that the kid- 
ney extends from the level of the up- 
per part of the 3rd lumbar vertebra 
^ upwards beyond the 2nd and 1st lumbar 
'^Vdrtebrae to the level of the 12th thor- 
acic vertebra, and, therefore, beyond the 
12th rib. Its medial border lies from 
the median plane nearly as frfr as the 
length of right renal vein (l^'^) + the 
breadth of the i. v. c. (1'^) + half the 
breadth of the aorta = 3 inches in 
all. Buty when allowances are made for 
the obliquity of the vessels and the de- 
pression of the cenal hilum, the distance 
from the median sagittal plane will be 
seen to be less than two inches. The 
transpylorio plane crosses the upper part 
of the hilum. 

At the back the kidney extends from a 
point one or two fingers' breadth above 
the highest part of the iliac crest, which 
is on a level with the spine of the fourth 
lumbar vertebra, upwards to or almast 
to the eleventh rib. 

Anterior Relations. The primitive 
anterior relation was peritoneum, sepa- 
rated above by the adrenal gland. The 
thick cortex of the adrenal atrophied 
after birth leaving the gastro-intestinal 
canal and its tlirec unpaired glands in 
sole possession of the field. When you 
explored the peritoneal cavity, you pal- 
pated the lower poles of the kidneys in 
the angles of the right colic and left colic 
flexures {fig. 217) \ above the right 
colic flexure you palpated the right kid- 
ney in the hepato-renal pouch {fig. 
229) \ above the left colic flexure and 
phrenico-colic ligament you palpated 
the left kidney behind the spleen as far 
medially as the lieno-renal ligfiment. 
The anterior relations are shown in 
figures 256, 273. 

The methodical and systematic way 
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of arrivinpj at tlic anterior relations of the 
different parts of the three paired gland 
apparatus is to enumerate the parts of the 
gastro-intestinal apparatus {fig. 2IS)y 


the appropriate items being selected from 
the middle column. 

The Posterior Relations belong to the 
roof and posterior wall of the abdomen 


TABLE 12 


The Anterior Rel^ons of the Kidneys 


AT^ERlon KSLATIONR OF THU 
lUUBT KIDNUT 

PARTS OF O. 1. TRACT AND ITS 

3 DNPAIRSD GLANDS 

ANTBRIOR RELATIONS OF THE 

LEFT KIDNET 

* 


Oesophagus 

f. 


Stornacli . ... 

1st Duodcnurn 

(Lesser sac intervening) 

(Bare area) 

2nd Duodenum 

3rd Duodenum 
Duodcnu-jejunal junction 


(Greater sac intervening) 

Jejunum ... 

Ileum 

Appendix 

Cecum 

(Greater sac intervening) 

« 

Ascending c{)lon 


(Bare area) 

Hepatic flexure 

Transverse colon 



Splenic flexure.. 

Descending colon 

Pelvic colon 

(Bare area) 

(Bare area) 1 

Rectum 


Hepato-renal lig. > 

Liver 


(Greater sac intervening) J 

Pai\creas . . 

(Bare area) 

Spleen 

Branchc.s of: 

(Greater sac intervening) 

Asc. branch of right colic 

(-eliac a. 

Splenic artery and vein with 

vessels ... 

S. Mesenteric a. 

pancreas 

1 

1. Mesenteric a 

Bile ducts 

Pancreatic ducts ; 

Asc. branch of left colic vessels 

Parts of the 3 paired gland system 

In infancy 1 

Adrenal glands . 

In infancy 

and vcs.se Is 


1 

Kidneys 



and vessels 


i 

and ureters 

Testes or ovaries 



and vessels (testicular or 
ovarian) 

and ducts (vasa deferentia or 
uterine tubes) 



The middle column of this table contains a systematically arranged list of the various 
parts of (a) the gastro-intestinal tract and its three unpaired glands and (b) the three paired 

f land system; these constitute all the possible anterior relations of the right and left kidneys. 

'rom the knowledge you have acquired^'you should not have difficult)^ in ^selecting those 
structures lying in front of the right kidney and those in frpnt of the left, indicated by dotted 
lines in the table, e.g., the oesophagus obviously is in front of neither kidney, the stomach is in 
front of the left (lesser sac of peritoneum intervening), the second part of the duodenum is in 
front of the right (over a bare area, that is, without intervening peritoneum), and so on. 


then to discard all impossible parts, and {fuj. SOI). They are: (a) Muscles: The 
to consider carefully all likely parts, to- diaphragm, together with the medial 
gether witn .their vessels and ducts, and lateral arcuate ligaments from 
This is done for the kidneys in table 12, which it arises; the Psoas aridQuadratus 
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Lumborum and, in the angle between eiuHnintered in approaching a kidney 
them, the uncovered tips of the trans- from beliind. 

verse processes of the 1st, 2nd, and The Kidney on Longitudinal Section. 
(3rd) lumbar vertebrae; and, which is When a kidney is divided with a sharp 
most apt to be forgotten, the posterior knife into anterior and posterior halves, 
aponeurosis of the Transversus AL\ its cut surface is seen to possess six or 
dominis. (b) Nerves and Vessels: The- more smooth, darkish, longitudinally 
oretically, branches of nerves Th. 12 striated, triangular areas known as the 
and ^ L. 1, 2, and 3 might* pass pyramids (Jig. 287). Each 'pyramid is 
posteriorly because the kidn(\v lies seen to have a free, rounded apex or 



Fig. 2Se. Two stages in the dissection to expose the kidney from behind. P = lower limit of 
pleura; D = diaphragm; ★ = site of lumbar triangle. (Dissected by C. Storton.) 


abreast of the corresponding vertebrae, papilla which projects into the renal 
but the only branches that actuaHy do so sinus, a body or main portion, and from 
are from Th. 12 (subcostal nerve) and the base of the pyramid radiations, the 
L. 1 (ilio-hypogastric and ilio-inguinal medullary rays, occupy the cortex of the 
nerves). Bpnehes from L. 2 and 3 de- kklney and extend to the surface. A 
scend with a more vertical trend and lie papilla, a bod}^ and a scries of medullary 
medial to the normally placed kidney. rays constitute a complete pyramid. 

The subcostal artery, in company with The outer or surface layer of the kidney 
its nerve, and the fourth lumbar artery is the cortex. It is the part that lies 
pass in front of the Quadratic; whilst superficial to the bases of the pyramids 
the 1st, 2nd, and 3rd lumbar arteries and if comprises -the entire outer one- 
pass behind the Quadratus, and might be third of the kidney substance. It looks 
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granular, (’orlicitl tissue also fills Ihc' that all tluj blood entering the kidney 
areas between the pyramids aiirl is then' may temporarily be shunted through 
known as the renal columns of Berlin. jiixtainodullary glomeruli into the me- 
d^he striated appearance of a pyramid dulla thereby throwing the cortex out of 
is due to the fact that its component a<*tion, sometimes with fatal results. 


parts [descending and ascending limbs 
of the loops of ITenlc, collecting tubules, 
papillary ducts of Bellini, and blood 
v('sselsj converge on the papilla. 


Rcrv.a.1 colLxrrvrL 



Fig. 2S7. The macroscopic stru<!tiire of the 
kidney (seen on longitudinfil section). 

'i''h(* cortex and th(' rcMial columiiN look 
granular because they are composed of 
s t ruet u r(*s fglomcrul i , coium >1 u t ('d 1 u- 

buh's, and blood vessels] cut across in 
vai*ious planes. 

Renal Vessels and Nerves. TIk' l)lood 
suppi}' of the kidney is peculiar in that 
all or almost all of the blood passes 
througli the glomerular capillaries where 
it is purified before it passes through a 
second set of capillaries from which it 
nourishes th^kidney substance. Tnicta 
and his associates seem recently to have 
dorrionstrated, in certain cases of shock, 


j The renal veins may be said to contain 
'^ihe purest blood in the body. 

'J'he Renal Arteries, one for each kid- 
ney, arise from the sides of the aortd 
below the superior mesenteric a., which 
in turn arises below the coeliac a.; 
hence, their vertc'bral level is L. 1-2 (figs. 
285, 290). Thc^y are large, nearly hori- 
zontal, and ecjual in length (the veins av(; 
uneciual). (See also pp. fil, (>2.,) 

The immediate anterior relations of the 
renal arteries are the renal veins, and on 
the rigid side, tin* i.v.c. is also anterior 
all covered wilh an areolar sheet ijuj. 
280). Ant(‘rior to tliese, on the rigl2 
side, arc the head ol' the pan(*reas and 
the 2nd })art ol iIk' duodenum, covered 
behind with an an‘olar sh(*et ; on the Icjl 
side, the )>ody of the pancreas in whicli 
are (‘mbedd(‘d iIk' '^picnic a. anrl v., cov- 
ered behind w ith a (second) areolar sheet. 
The posterior rdadons of each renal nv- 
tery are tin* crus of the diaphragm and 
the Psons, nreohu sheets intervening. 

77/r Renal Xerres are probably de- 
rived from T. 12, b. I and 2. (For de- 
tails see p. ()3. ) 

The Pelvis of the Ureter (pelvis of 
the kidney) (fig. 288) is the expanded, 
funnel-shaped, upper end of the ureter. 
It lies partly within the renal sinus and 
partly outside it. Traced towards the 
kidney it is seen to divide into two stalks, 
the upper and lower calyces rfuijores, with 
sometimes a third or central calyx. 
Each major calyx divides into three or 
four goblet-shaped calyces minores into 
each of which one or two papillae pro- 
ject. A dozen or more papillary ducts 
open on to each papilla. 

The Ureter or duct of the kidney is 10 
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inches long. Its upper half is in the ab- 
domen; its lower half is in the pelvis. Its 
abdominal part extends almost perpen- 
dicularly from the lower part of the hilum 
of the kidney (less than two inches from 
the median plane) to the bifurcation oj^ 
the common iliac artery (one-third of the 
distance from aortic bifurcation to the 
midinguinal point) where it crosses the 
cxteftial iliac vessels and enters the pelvis, 
ft lies in the subperitoncal areolar tissue 
and you should note that, wlnln the peri- 
toneum is mobilized, the ureter moves 
with it just as do the testicular vessels 


ileo-colic arteries, the root of the mesen- 
tery, and the end of the ileum. On the UJi 
side they are: the left colic arteries and 
the mesentery of the pelvic colon. The 
ureter descends on the Psoas fascia and 
crosses the genito-femoral nerve. The 
u V. cava is close to the medial side of the 
right ureter; the inferior mesenteric vein 
is close to the medial side of the left 
ureter. * 

Arteries. The pelvis and the ureter 
possess a longitudinal anastomosing net- 
work of arteries derived from the renal 
artery above and the vesical artery be- 





Fio. 2SS. Sketches of casts of the pelvis of the ureter (kidney). 


and vas deferens. In embryonic life 
ureter was subperitoneal from end 
to end. When the testis (or ovary) de- 
scended it drew its vessels across the 
front of the abdominal part of the ureter 
and its vas deferens across the front of 
the pelvic part (fig, 283). (Similarly, 
the uterine tube crosses the pelvic part 
in the female.) Its terminal portion 
pierces the jjostero-lateral angle of the 
bladder, surrounded by a leash of vesical 
veins. [In the female the uterine artery 
also crosses it at the lateral fornix of the 
vagina.] Otherwise its anterior relations 
belong to the gastro-intestinal canal. 
On the right side they are: the 2nd part 
of the duodenum, the right colic and 


low. This is re-inforced at its middle by 
an' aortic or testicular (ovarian) or com- 
mon iliac branch. 

Nerves. Like the arteries, the nerves 
are derived from the renal and inter- 
mesenteric plexuses above ; from the 
pelvic plexus (inf. hypogastric plexus) 
below ; and from the testicular and hypo- 
gastric plexuses in between (T. 12, L. 1 
and 2). 

Anomalies {fig. 289). Much the com- 
monest gross anomaly of the urinary tract 
is a bifid ureter and pelvis, the result of 
premature division of the ureteric bud in 
the fetus. The condition is generally 
incomplete and unilateral and the ureter 
is commonly constricted at the point of 
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fission. When there is a completely winds spirally around the inf. vena cava, 
double ureter, the ureter from the lower Only 27 have so far been reported (Pick 
part of the kidney enters normally, the and Anson). 

ureter from the upper part enters lower About 3 per cent of kidneys have two 
down, sometimes into other parts of the renal arlcrles arising from the aorta, of 



C PELVIC KIDNEY D BiFiD URETERS E. POSTCAVAL URETFR 


Fig. ‘JS9. Anomalies *v)f the kidneys and ureters. 

u. g. tract, e.g., the floor of the urethra, which one usually goes to the upper or 

or roof of the vagina or uterus, or into lower pole. Fused kidneys: in 1 in 700 

the vas deferens or seminal vesicle, persons the right ai^d left kidneys are 

This is one^cause of incontinence of fused, generally at their lower poles, and 

urine. ^ form a horse-shoe kidney. The ascent 

A postcaval ureter is a right ur IPer that may be arrested by the inferior mesen- 
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teric a. crossing in front of the isthmus. 
Congenital absence of kidney and ureter 
or rudimentary kidney with ureter occur 
with the same frequency as horse-shoe 
kidney. The kidney on one side may be 
double with independent ureters and 
vessels. One or other kidney may mi- 
grate across the median plane. A kidney 
may fail to asceml, and be lodged in the 
pelvii/and supplied by the iliac and other 
arteries of low origin. The surface of 
the kidney commonly retains* the fetal 
lobulation present at birth and well seen 
in the cow. The anterior lip of the sinus 
is often undeveloped. A congenital cystic 
kidney results when the duct system and 
the secreting parts of the kidney fail to 
unite. 

THE GREAT VESSELS OF THE 
ABDOMEN 

The great vessels are the abdominal 
aorta, the inferior vena cava, and the 
common, external, and internal iliac ar- 
teries and veins. 

The Abdominal Aorta. It is remark- 
able that this great vessel and its con- 
tinuation, the median sacral artery, should 
lie in contact with and beat against the 
bare vertebral column without any soft 
fatty or fleshy cushion intervening; but 
such is the case. The aorta enters the 
abdomen in the median plane by passing 
behind the diaphragm at the level of the 
disc between vertebrae T. 12 and L. 1, 
which is, of course, the height of. a ver- 
tebra above the transpyloric plane. It 
ends in front of the fourth lumbar verte- 
bra, about three quarters of an inch below 
and to the left of the umbilicus, by bi- 
furcating into the right and the left com- 
mon iliac artery (Jig. 300). On each side 
of the aorta stretch the legs or crura of 
the diaphragm. The right crus, being 
the longer and stronger, descends to the 
3rd lumbar vertebra; the left crus to the 
2nd lumbar vertebra. 


Each common iliac, artery bifurcates 
into an internal iliac and an extonial 
iliac artery. The course of the common 
and external iliac arteries is indicated on 
the skin surface by a curved line joining 
the site of the aortic bifurcation to the 
mid-inguinal point. The uppcT third, 
or 2", of this line marks th(‘ common iliac 
artery; the lower two-thirds, or 4", the 
external iliac artery. It is at ihe junc- 
tion of the upper oiu'-third with the lower 
two-thirds that the l)ifurcat,ion into (‘x- 
ternal and internal ilia-c arteri(*s takes 
place. At this point tlw? ureter crosses 
the external artery and entcTs the pelvis 
in front of the^ internal iliac artery. 

When you consider that the abdominal 
aorta crosses only S-J vertebrae and discs, 
you are not surprised that the common 
and external iliac arteries together exceed 
it in length (142 mm.: 135 inrn.). 

The Common and External Iliac 
Arteries pass from the aortic bifurcation 
across the front of the body of the 5th 
vertebra, along tlie medial border of the 
Psoas, and finally along the front of the 
Psoas to the midinguinal point where the 
name changes to femoral artery. The 
veins and arteries are loosely bound to- 
gether in the extraperitoneal tissue. The 
veins lie within the bifurcation of the 
arteries, as shown in figure 290. The 
common iliac veins end and the i. v. 
cava begins behind the right common iliac 
artery. 

Branches. Two branches arise from 
the external iliac artery as it passes be- 
hind the inguinal ligament the in- 

fefior epigastric and the deep circumflex 
iliac arteries (p. 214). The correspond- 
ing ^veins end in the external iliac veins. 

The Collateral Branches of the Ab- 
dominal Aorta are : 

A. Coeliac a. 1 To the 

S. adpentcric a.* > G.I. canal and the 
I. mesenteric a. j 3 unpaired glands. 
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B. Adrenal aa. 
Renal aa. 
Testicular aa. 

C. Phrenic aa. 
Lumbar aa. (1-4) 
Median sacral a. 


To the 

3 paired glands. 

To the 

roof and walls 
of the abdomen. 


I 


aorta and is also unpaired; the other 
branches are paired.. 

The celiac artery and the roots of the 
s. mesenteric and i. mesenteric arteries 
project foi’wards from the aorta, like 
negs, and ])n*vent upward and downward 



Fig. 290. The groat vossols .‘oul ntliOT stiurturos in contact with the posterior abdominal 
wall and the diaphragm. 


These arteries, like tlie structures they 
supply, occupy three planes (A, B, C) as 
shown in figure 291 which makes it evi- 
dent that vessels A C‘gastro-intcstinal 
plane”) always remain ventral to vessels 
B C* three paired gland plane”) and that 
these in turn remain ventral to, or within 
the embrace of, vessels C C^body wall 
plane”), 

A. The three arteries to the gastro- 
intestinal plane arise from the front of 
the aorta aii|^ are unpaired ; the median 
sacral artery arises from the back of the 



Fig. 291. The three “vascular planes.’* 
A = “G-I tract & Co.”; B = “U-G tract & 
Co.”; C = body wall. (See fig. 292.) 

displacement of certain structures that 
cross the median plane (/ig. ^9£A). 

The Celiac Artery originally arose at 
the level of the 7th cervical vertebra, but 
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when the lungs developed and depressed 
the diaphragm, the diaphragm in its turn 
forced the stomach and the celiac artery 
downwards ; so, now the median arcuate 
ligament, which unites the two crura of 
the diaphragm, rests upon the celiac, 
artery and the crura arc astride it (fig. 
292). Its level is, therefore, that of the 
disc between 12th thoracic and 1st lum- 
bar vertebrae, which is a segment above 
the transpyloric plane. The artery may 
be regarded as preventing ascent of the 
pancreas, which crosses below it. 


origin I J" above the aortic bifurcation, 
and above the umbiHcus, and there- 
fore in front of the 3rd lumbar vertebra. 
,It would arrest the ascent of a horse-shoe 
kidney. Its origin is overlapped by the 
3rd part of the duodenum. 

B. The arteries to the three paired 
glands arise elosc together, thus: 

The Renal A rfen/ (Jig. 292^ B) runs 
behind the renal vein and, therefore, 
arises just below the superior mesenteric 
arterv. 




TO THE WALLS & ROOF 


Fia. '2\)2. The branches of the abdominal aorta arranged according to the planes they 
occupy (see fig. A, B and C). 


The Superior Mesenteric Artery takes 
origin just below the celiac artery, and 
therefore behind the neck of the pancreas, 
and therefore behind the splenic vein, 
which is embedded in the pancreas. It 
would prevent ascent of the left renal 
vein, which crosses the aorta close below 
it. The left renal vein may, indeed, be 
regarded as clamped between the root of 
the s. mesenteric a. and the aorta like a 
nut within nut crackers. The artery 
p^isses caudally in front of tlie left renal 
vein, and the head of the pancreas, and 
3rd part of the duodenum and enters the 
root of the mesentery. 

The Inferior Mesenteric Artery takes 


The Adrenal Artery arises just above 
the renal artery. 

The Testicular (or Ovarian) Artery 
arises just below the renal artery. 

C\ From their inception the phrenic, 
lumbar, and median sacral arteries are 
part cither of the roof or of the wall of 
the abdomen. That is to say, no organ, 
vfcssel, or nerve intervenes between them 
and the roof or wall (fig. 292 C). 

The (Inferior) Phrenic Artery arises 
beside the celiac artery and passes at 
once to the diaphragm which it never 
leaves. Though but a small vessel, it 
attempts much ; ndt only does it assist in 
supplying the diaphragm, which is the 
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most important voluntary muscle in the 
body ; it also sends accessory twigs to the 
liver, adrenal gland, and oesophagus. 
The h(‘|)ali(; I wigs enter the hare anai 
of the )i\'(‘r on the riglit side, and the 
lissur(‘ lor (he lig. veiKJSuiri on the left. 
The oehOj)hag(‘al twigs pass through th(‘ 
oesophagc'al optniing in the diaphragm. 

In embryonic life three arteries sup- 
plied eafh adrenal gland. The most 
cranial of those subsequently sends a 
branch to the diaphragm and becomes the 
(inferior) phrenic artery; the most caudal 
sends a branch fo the kidney and becomes 
the renal artery; and the intermediate 
vessel is known as the. adrenal artery 
proper. 

The [jiimbar Arteries. ''Fhere is a pair 
of lumbar artcu’ies for each of the 5 
lumbar scjgments, but only four pairs 
succeed in arising from tin; aorta since 
it ends at th(‘ fourth lumbar vertebra. 
The 5th pair, called the ilio-l umhar ar- 
teries, spring from internal iliac arteri('s. 
The lumbar art (Ties hug tin' bodies of 
the v'ortebrae and pass Ix'liind the sympa 
thetic trunk and th<* I’soas Tlie iipp»a' 
ones pass b(^hind the crura also, and on 
the right side all puss behind du' i. v. 
cava. 

The Median Sacral Arhnj is lla* con 
tiriuation of lh<‘ aorta, il descends in 
the median plane in ('on(ac( with tin* 
fifth lumbar vertebra and sacrum and, 
therefore, behind tlu' left common iliac 
vein. In lower mammals it is tlu' an- 
terior caudal artery and it siipplu's the 
tail. < 

So, the phrenic, lumbar, and median 
sacral arteries are conceived on the body 
wall or on the roof of the abdomen and 
there they pass their whole existence. 
The i. phrei^ artery is development ally a 
branch of an adrenal artery; and the 
median sacral is the continuation of the 


aorta; so, group C is miscellaneous. It 
has no (H)mmon morphological basis. 

The Inferior Vena Cava (i. v. c.) begins 
in front of the 5th lumbar vertebra, 
below and to the right of the aortic bi- 
/furcation, where it is crossed anteriorly 
by the right common iliac artery. 
Above, it pierces the central tendon of the 
diaphragm at the level of 8th (or loVer) 
thoracic vertebra, which on the surface 
corresponds to a point on the right sixth 
costal cartilage half-an-irich from the 
side of the sternum Half-an-inch higher 
it joins the right atrium of the heart. 
It extends, therefore, across eight verte- 
brae and is much longer (S-J inches long) 
than the abdominal aorta which crosses 
only three and a half. The external and 
common iliac veins lie within the fork of 
the corresponding arteries. The internal 
iliac veins pass out of the pelvis behind 
their arteries. 

Dkvioi.opmi:vi [Jigs. 29S, 29 \). The 
inferior v(‘na caNai is a composite vein of 
(!omple\ origin. 11s course, relations, 
and tribulari(‘s, liowever, are rendered 
simple by ref(*r(Mice to the elementary 
facl^ ot it^ d('V(‘lopment ; otherwise they 
are na'aningless. The outstanding fea- 
iun‘s ar(‘ Ihese: a longitudinal vein, the 
posh rior cardinal vein, appears on each 
side of th(' vertebral column and travels 
through the abdomen and thorax to join 
with the similar vein, the anterior cardi- 
nal vein, from the head, neck, and upper 
limb, to form the common cardinal vein 
(tluct of Cuvier) which ends in the sinus 
venosus of the heart. In addition to re- 
ceiving the somatic seginentcd veins (lum- 
bar and intercostal) from the body wall, 
the posterior cardinal vein receives the 
veifis from, the three paired glands, but it 
does not receive the veins from ihagastro- 
miestinal tract and its three unpaired 
glands, nor has it anything to do with 
tlumi. They return their blood via the 
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l)ortal vein to the liver, and from the 
liver by the persisting right vitelline 
vein, which definitively become the ter- 
minal part of the inferior vena cava, to 
the heart, as described above (Jig. 2^)8). 

Two cross-communications, of which 
one is the left common iliac vein, the 
other the left renal vein^ divert the blood 
from the left posterior cardinal vein 
acro88*the front of the aorta or its con- 
tinuation, the median sacral arter}^, into 
the right posterior cardinal ve^in The 


the newly formed cross-communication. 
Now, though this communication is re- 
ferred to in postnatal anatomy as a 
portion of the left renal vein, you must 
think of it as ^Hhe vein of the 3 left paired 
glands''; for such it properly is. 

A newly formed vessel sprouts from the 
right posterior cardinal vein about the 
level of the right and left renal veins, 
and connects it with the right vitelline 
v^ein behind the liver (Jig, '298 B, 
broken lines). Thereafter, the long route 




Fig. 293. The development of the inferior vena cava. (A) A. C.; P. C.; S. C.; C. C.; « 
anterior, posterior, sub-, and common cardinal veins. (B) 1 - postrenal segment of the 
i. V. cava; 2 = new connection; 3 — preliepatic segment. Note that the left renal vein is the 
vein of “the three left glands.” 


segment of the left posterior cardinal 
vein between the left common iliac and 
left renal veins is thereby rendered 
superfluous. It ceases to exist, except 
in rare instances when it persists, as the 
post-renal portion of a left inferior vena 
cava. Sev^eral cross-communications 
connect the left lumbar veins across the 
back of the aorta to the right cardinal 
vein (fig. 579). 

From the foregoing remarks you will 
appreciate that whilst the veins of the 3 
right paired glands join the right cardinal 
vein independently, ttiose of the 3 left 
paired glands join it collectively through 


to the heart via the prerenal (thoracic) 
portion of the riglit posterior cardinal 
and common cardinal veins is abandoned 
in favor of the shorter route via the newly 
formed connection and the prehepatic 
part of the right vitelline vein. These 
three (1) the right cardinal vein as far as 
the entrance of the renal veins, (2) the 
new connection, and (3) the terminal or 
prehepatic portion of the right vitelline 
vein, are the essential parts of the (right) 
inferior vena cava. 

It is important to appreciate that (1) 
the post-renal segment of the i. v. cava 
lies on a posterior plane — the plane of 
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the three paired ? 2 ;laiids, tiiat (3) the pre- 
hepatic fiegment lies on an anterior 
plane — the plane of the gastro-intestinal 
tract and ihe three unpaired glands, and 
that (2) the new connection connects 
the t wo planes. 

If you pull forwards the right kidney, 
you will sec a small vein, al)out tlie size* of 
;i, liini))ar vein, leave tlie biiek of the i. v. 



cava, at or just caudal to the site of 
entrance of the renal veins, and pass 
headwards through the crus of the dia- 
phragm. This is a vestige of the prerenal 
portion of the right p. cardinal vein. In 
the thorax it largely becomes the azygos 
vein. The point to determine is that it 
liei|^n the same posterior plane as the 
postrenal portion of the i. v. c. for the 
simple reasojt. if- was originally its 
headward continuation. Similarly, a 


vestige of the corresponding left p. cardi- 
nal vein passes from the back of the left 
renal vein through the left crus and joins 
the left liemiazygos vein. 

Actually, the posterior cardinal vein is 
one of a series of three longitudinal inter- 
' communicating veins (the posterior card- 
inal, supra-cardinal, and sub-cardinal) 
related to the primitive kidneys. Part 
of the supracardinal vein may b/^, and 
j^art of the subcardinal vein is, incor- 
porat(‘d jn the i. v. cava. Much aca- 
demic interest has centered on these 
veins. 

The Tributaries of the Inferior Vena 
Cava. These fall into the same three 
groups as the branches of the abdominal 
aorta : 

\. The blood from ihe gasiro-intesiinal 
ramil and from its 3 associated glands 
passes through the poytal vein to the liver, 
and, after circulating in the liver, leaves it 
via the hepatic veins to enter the i. v. 
cava. When the liver is removed from 
the body, the o])cii mouths of three large 
hepatic veins, issuing from the right, the 
left, and the caudate lobes, are seen 
pointing upwards as though ready to 
disgorge their contents through the last 
inch of the i. v. c. into the heart. And, 
when the portion of the i. v. c. embedded 
in the liver is slit up, the small orifices 
of a dozen or so minute hepatic veins are 
seen. 

B. The veins of the 3 paired glands: 
On the right side the adrenal, renal, and 
testicular (or ovarian) veins enter the 
i. V. c. separately; on the left side they 
unite to form a common trunk, the so- 
called left renal vein, which crosses in 
front of the aorta immediately or slightly 
below the stem of the superior mesenteric 
artery and, therefore, behind the pancreas 
and splenic (artery and) vein. The right 
adrenal vein passes upwards; the left 
adrenal vein passes downwards; and 
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though shown in diagram 293 as ending 
in the p. cardinal veins, actually they end 
in the subcardinal (plexuses of) veins. 

Varicocele, i.e., varicose testicular 
veins (p. 217), is a condition almost re- 
stricted to the left testicular (or ovarian) 
vein. In explanation of this, tlireci me- 
chanical reasons are advanced: (1) that 
the left testicular vein has less competent 
valves* than the liijiht vein- but this is 
not so (p. 270); (2) that the adrenalin- 
laden blood from the left adrenal 

vein bathes the moulh of the lefi teslieii- 


enter the i. v. c.; the left vein, however, 
commonly ends in the left renal vein. 

d'lic lumbar veins accompany their ar- 
teries. Those of both sides end in the 
i. v. c. or in some derivatives of 
cardinal system of veins, the left crossing 
behind the aorta. 

The right and loft ilio-lumbar veins, 
whi(‘h an^ th(^ vcmus of the 5th lumbar 
sogim nt, Olid in the right and left com- 
mon iliac veins. 

'rh(i median sacral vein ends in the 
loft common iliac vein. 




LATERAL VISCERAL 
brank:he5 & I. V. c. 
C. 


Fio. 'Jih'). Explaining the relationships of the branches of the aorta to the cardinal veins 
and subsequently to the i. v. cava. In C note the relatiori.s of the accessory renal arteries to 
the i. V. cava. 


lar vein causing it to contract- -this ex- 
planation is ingenious; (3) that the left 
**common*^ renal vein is clamped between 
the root of the s. mesenteric artery and 
the aorta like a nut within nutcrackers; 
hence, in the erect posture, the intestines 
dragging on the s. mesenteric artery 
apply pressure; this retards the flow in 
all 3 veins, viz., left testicular, left ad- 
renal, and left renal ^'proper'*' — this ex- 
planation has precedent, for the s. 
mesenteric artery (or root of the mes- 
entery) has been shown to be capable of 
obstructing the duodenum (fig, 264)- 
C. Of the veins of ihc body wall the 
right and left (inferior) phrenic veins 


The Relationships of the Branches of 
the Aorta to the I. V. C- are explained 
on a developmental basis in figure 295. 

A shows that the somatic seg- 
mental arteries (lumbar, ilio-lumbar, and 
intercostal) pass behind the cardinal 
veins in the embryo and, therefore, be- 
hind the inferior vena cava in the adult. 

shows that the arteries to the 3 
paired glands pass in front of the cardinal 
veins. The (inf.) phrenic artery, being 
originally an adrenal artery, does like- 
wise. m 

C shows the relations that the arteries 
to the 3 right paired glands bear to the 
composite vessel called the i. v. cava — 



c 


A MBTHOD OF ANATOMY 


292 


TAIiLE 13 
The Great Vessels 


ANTEIirOR RKLATIONS 

POSTERIOR RBLATIONI 

Name of ve«floJ 

, O I 'i iiMijaired glanda 

thcMr voKSi'l.s and duota 

3 paired Klaiidn, their 
vesbcis and ducta 

Other structures 

Mainly parts of the 
body wall 

Ahcloiniiial 

Aorta 

; Stomach (lesser sac inter- 
1 veninR) 

] Pancreas (body and un- 
1 einate process) 

1 and .splenic, vein 

1 and trans. colon and 

j mesocolon 

1 Dnodenurn (3rd part) 
j Root of mesentery 

1 J(‘junuin and deum 

(greater sac i n terveriinR) 

c 

Left renal vein 
draining 3 left 
* paired glands 

Oliac and 
other prea- 
ortic plex- 
uses 

1 

1 

! 

3i vertebral 

bodies, discs 
and anterior 
longit. lig. 

1 Left lipnbar 

1 veins ^ 

i 

1 

C. lhac A. 

Ri^ht 

T.eft 

I. me.sen- 
teric a 
and V, 

Infr. 1, colic 
a. and v. . 

J Branches join- 
1 ing aortic to 

i hvj>ogastric 
plexus 

1 5fch lumbar body 
and ala of sa- 
crum 

Sympathetic 

cord 

Lumbo-sacrai 

cord 

Ilio-lumbar a. 

Obturator nerve 
also on right 
side 

Infr. vena cava 

i 

Ex. Iliac A. 

ImkI of 

Ileum 

? Ap])endi\ 

? C’ecum 

I’el vie colon 
and mo.so- 
colon 

Ureter 

(male) 

V, deferens 
'J'csticular a. ami v 
(female) 

Lig. teres uteri 
(Ovarian) a. aiul v. 


Psoas and its 
fascia 




Genito-femoral n. 




Liver (bare 
area) 

Mouth of 
lesser sac 
Duodermin 
(1st) 

Portal vein 
Hepatic and 
^astrf)duo- 
denal a. 
Bile duct 

R. testicular (ova-i 
rian) a. ; 

R. common 

iliac a. 

Above renal vein: 
Diaphragm 
Adrenal gland 
Arteries to bod3" 
wall and to 3 
paired glands 

1. V. Cava 

Pancreas (head) 

Bile duct 

Accessory and main pan- 
creatic ducts 

Duodenum (3rd part) 
Mesentery root and 
branches of s. mesen- 
teric vv. 

Small intestine (greater 
sac intervening) 

< j 

i 

1 

1 

1 


Below renal vein: 
Psoas and Crus 
and Vertebrae 
sympathetic 
cord 

Arteries to body 
wall 


those crossing its poslrenal segment pass meiit pass behind. So, the right tcsticu- 
in front; those crossing its prercnal seg- lar (or ovarian) artery passes in front; 



THE ABDOMEN. 


293 


the renal, adrenal, and also the inferior 
phrenic arteries pass behind, but of course 
they all cross on a plane anterior to the 
right p‘. cardinal vein. 

Accessory renal arteries arising fi*oin 
the aorta below the jonal v(an i)ass in 
front of the i. v. cava; accessory renal 
arteries and testicular arteries aiising 
above the renal vein pass behind. 

All arteries and branches of arteries 
to the gastro-intestinal canal and its 3 
unpaired glands that pass to Jhe right 
of the median plane must cross in front of 
the i. V. cava (‘.g., the hepatic, gastro- 
duodenal, right colic, ileo-coli(% and the 
superior mesenteric artery itself where it 
lies in the root of the mesentery. 

Relationships. Tl would be folly to 
commit to memory the relationships of 
the great vr'ssels when they can be arrived 
at by systematically passing in review the 
different parts of the G. I. Tract & Co., 
U. G. Tract & Co., Body, Wall and 
other possible structures, as is done in 
the Table 13. 

THE AUTONOMIC NERVOUS SYS- 
TEM WITHIN THE ABDOMEN 

The autonomic nervous system within 
the abdomen is represented by: 

(a) Sympathetic trunks, gray, and 
white rami communicant es and lumbar 
splanchiiics. 

(b) Prevertebral plexuses — celiac, in- 
termesenteric, and hypogastric. ' 

(c) Sympathetic communications — 

three (thoracic) splanchnic nerves. 

(d) Parasympathetic communications 
— ^from vagi and pelvic splanchnics. 

Sympathetic Trunk (fig, 3()f)- In the 
abdomen the sympathetic trunk follows 
faithfully -the anterior border of the 
Psoas. It lies, therefore, on the bodies 
of the vertebrae, the transversely running 
lumbar vessels alone intervening. It en- 


ters from the thorax with the Psoas 
behind tiie medial arcuate ligament and 
it passes into the pelvis behind the com- 
mon iliac vessels. The right trunk is 
concealed by the i. v. cava, and by the 
right renal artery which crosses behind 
th« vena cava, and by the testicular 
artery which crosses in front. The left 
trunk is crossed by the left renal vessels, 
the left testicular and the inf. mesenteric 
arteries, and by the pancreas. As a rule 
each trunk has four ganglia — not five — 
two probably having fused {Jig. 301). 

Connections. Each 4runk receives 
a white ramus from each of the upper 
2 (or 3) lumbar nerves and sends one or 
more gray rami to each of the five lumbar 
nerves. These rami run laterally and 
backwards on the sides of the vertebrae 
either with the lumbar vessels or inde- 
pendently. About 4 medially running 
rami, lumbar splanchnics, go to the inter- 
mesenteric and hypogastric plexuses. 

The Celiac Plexus. The celiac gang- 
lia {fig. 28/i) are tough, nodular masses 
connected to each other by fibers that 
encircle the root of the celiac artery, 
the whole being known as the celiac 
plexus, or as the solar plexus, because 
its branches radiate like the rays of the 
sun. Each ganglion lies behind the lesser 
sac of peritoneum, between the celiac 
artery and the adrenal gland and, there- 
fore, on the crus of the diaphragm. The 
i, V. cava largely conceals the right gang- 
lion; the pancreas and splenic artery the 
left one. 

The celiac plexus extends down the 
front of the aorta and is reinforced by 
the lumbar splanchnic nerves to form 
the intermesenteric and hypogastric 
plexuses. The intermesenteric lies in 
front of the aorta; the hypogastric lies 
within the bifurcation of the aorta and 
therefore in front of the left common iliac 
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vein and the oth luinhar voi‘tej)ra and 
disc {fig. 

From fchc celiac plexus fine branches 
stream into the adrenal gland. 

Sympathetic Connections. 'J'he great 
spla/ichnic nerve is the size of a digital 
nerve proper. It pierces the crus abroasi 
of the celiac artery and at once joins 
tli(‘ celiac ganglion; the smn,ll splanclinic 
nerv^e pj(Tcos ilic' crus ji^ Ix'low arn. 



Fig. 2*J(3. The intermesenteric aiul hypogas- 
tric plexuses. (From a dissection by K. Bald- 
win.) 


latt'rall}' and joins the ganglion; tlie 
smallest splanchnic nerve also pierces the 
(alls and joilfs an offshoot of the ccliac 
plexus, called the rnial 'plexus. 

Parasympathetic Connections. Fibers 
of both vagi, via the posterior gastric 
nerve, join the celiac plexus and arc dis- 
tributed with the arteries (celiac, sup. 
mesenteric, mnal, and testicular). 

The pelvW splanchnic nerve ascends 
from the pelvis and passes through the 


liypogastric ph‘xus to be distributed with 
die inferior m(‘senteric artery. 

Tlic vagi control the gut cranial to the 
left colic flexure; the pelvic splanchnics 
(jaiidal to it. {Fig. 764.) 

THE POSTERIOR WALL OF THE 
ABDOMEN PROPER 

The gastro-intcstinal apparatus is nec- 
essarily dissected before the thred paired 
gland apparatus, and the three paired 
gland apparatus before the posterior ab- 
dominal wall. It i.s, however, by recon- 
structing from behind forwards tliat you 
])cst appreciate posterior ^elai.ionsliip^. 
Tlonce, Avlicn reviewing, it is well to read 
the sections on the posterior abdominal 
wall, diaphragm, and great vessels before.^ 
studying the three paired glands, and to 
n'ad tlui section on the three pain‘d 
glands before studying tlic pancreas and 
duodenum. 

Bony Parts. Aledianly are the bodies, 
intervertebral dis(‘s, and transverse proc- 
(?.sscs of the 5 lumbar vertebrae; laterally 
the wall extends from the 12th rib 
above to the pelvic brim below, and it is 
divided into upper and lower parts by 
the iliac crest. The bodies of the lumbar 
vertebrae increase in height and width 
from lst-5th; so do the discs. The discs 
bulge, and the student commonly mis- 
takes tliem for bodies until he happens to 
stick the point of his knife into them. 
The transverse processes project laterally 
at the levels of the upper halves of tlic 
bodies. The 3rd projects furthest; those 
above and below it project progressively 
less. The 6th is stout and .conical and it 
projects upwards, backwards, and lat- 
erally. The l$ih rib, variable in length, 
curves downwards and laterally to about 
the level of thafr2nd lumbar *disc. The 
iliac crest curves upwards and laterally 
to the level of the middle or lower part 
of the 4th lumbar vertebra. 
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The region below the iliiie crests is 
tlie false pelvis. It includes the alae of 
the sacrum and the ilia(' fossae described 
on page 328. 

The Lumbar Vertebrae, 5 in number, 
have no rib facets an<l their transverse 
processes are not perhnated. 

The body is large, kidney-shaped, and 
flat above and below. The 1st is always 
deeper ^behind than in front, so is the 2nd 
as a rule, the 3rd is transitional (either 
deeper or less deep), but the 4th always 
deeper in front, and the 5th is much 
deeper in front. The pedicles are directed 
backwards and laterally, as in the cervical 
region. There is a small superior (inter) 
vertebral notch on each side and a large 
iriferior one. The laminae arc thick and 
sloping, as in the cervical region, with the 
result that the vertebral foramen^ which 
is triangular, is lai'ger below than above. 
Tlie spine is a thick oblong plate that 
l)rojects nearly horizontally backwards 
and ends in a thickened posterior border. 
The transverse processes represent fused 
costal and transverse elements. They 
spring from the junction of pedicles and 
laminae and have a wide spread, the third 
having the widest (fig. 300), They 
may be regarded as o.ssifications extend- 
ing into the posterior aponeurosis of the 
Transversus Abdominis and as such they 
arc thin and bandlike; and, conforming to 
the shape of the rounded abdominal wall, 
they are directed slightly backwards. 
Their ends give attachment to the Trans- 
versus Abdominis aponeurosis (middle 
lamella of the lumbar fascia) and to the 
Quadratus Lumborum; hence, they are 
slightly thickened. Owing to . the geo- 
graphical position of the^fth vertebra, 
its processes extend on to the body an^ 
are conical (p. 332). 'J^e superior ar- 
ticular processes spring ftoin the pedicles 
and, facing medially, grasp the inferior 
processes of the vertebra above, which 
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spring from laminae and face laterally. 
The directions, however, gradually 
change, the inferior articular processes of 
the 5th lumbar vertebra facing nearly 
forwards. 


Vcr^tebrcxl 

arcK 


Splwouflr 

process 

Articular 

processes 



Tratvsverse 

process 


Body 


Fig. 297. A lumbar vortebra, from above. 



Fio. 29S. The fifth lumbar vertebra is in 
two pieces in 5 per cent of individuals, ren- 
dering them liable to a deformity called spon- 
dylolisthesis. 

Tlie individual lumbar 'V^rtebrati can 
be identified by their articular processes^ 
Variations, (a) Five per cent of 5th 

lumbar vertebrae are in two parts 

the spine, laminae, and inferior articu- 
lar processes being detached (Jig, 298), 
This is either the result of fracture or 
because the vertebra possesses acce^ory 
centers of ossification. The bodies, 
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losing the restraining influence of the 
inferior articular processes, tend to slip 
forwards (sj^oiulylolislliesis). 

(h; otii luml)ar vertebra is com- 
monly parlly sacral izod {fig, 2D9), 

iv) The two sides of the neural arcli 
of lh< lower (or of any) vertebrae inay 
fail t( meet (spina bifida occulta). 

Muscles. Iliacus, Psoas, Psoas Minor, 
Quadratus Lumborum, Transversus Ab- 
dominis, and IntcrtransvcTsarii (fig. 301). 



Fig. 299. The fifth lumbar vertebra is com- 
monly partly sacralized. 

The Iliacus cov(*rs Ibe (muIk' iliac; 
fossa, and arises everywhere Iruni it — 
except at its lowest part -and, it over- 
flows on to the ala of the sacrum, from 
which and from the adjacent ligamejits it 
derives a few fibers. Like the iliac fossa, 
it is fan-shaped. Because the iliac fos.sa is 
smooth and devoid of any roughness or 
ridge, it follows that the origin is fieshy. 
Since muscle fibers require to be from two 
to three times as long as the distance 
through which the}^ contract, and as this 
requirement would not be fulfilled were 
the IJiacuigj^to arise from the lower third 
of the fossa, it follows that though it over- 


lies the lower third of the fossa it does 
not arise from it. 

The fleshy fibers of the Iliacus are in- 
serted into the lateral and anterior as- 
pects of the Psoas tendon, and l)elow the 
tendon a few of them pass direclly to the 
femur. 



Fig Skelp<t)n of the posterior abdom- 

inal wall; the Transversus Abdominis and its 
aponeuiosis; and the great arteries (drawn to 
scale). + denotes the umbilicus. 

The Psoas is the part of tin; Iliacus 
that has migrated above the iliac crest. 
Many muscles of the pectoral girdle 
migrate to the frunk; the Psoas is the 
only important muscle of the pelvic girdle 
to do so. The Psoas is a thick fleshy 
muscle comparable in size to the Biceps 
Brachii. It takes fleshy origin from the 
sides of the bodies and intervertebral 
discs of all the lumbar vertebrae, the 
attachments extending backwards on to 
the transverse processes and forwards 
as far as the sympathetic trunk. The 
muscle may be regarded as having moved 
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bodily headwards through half a segment 
because it encroaches on the lower half 
of the 1 2th thoracic vertebra and leaves 
the lower half of the 5th lumbar vertebra 
free. This being so, it follows that the 
anterior rami of the upper four hiinbar 
nerves plunge into the substance of the 
Psoas when they emerge from the inter- 
vertebral foramina, and that the 5th 
anterior ramus escapes under the lower 
margin of tlic muscle. On the sides of 
the vertebral bodies, which* are con- 
stricted like a waist, the lumbar vessels 
and the rami communicantes of the 
sympathetic trunk run dorsally protected 
by sheets of fascia which bridge them and 
afford the Psoas an uninterrupted origin 
{fiih Ml). 

The Psoas ends in a tendon which is 
inserted into a traction epiphysis — the 
lesser trochanter of the femur. The 
Psoas plays in the groove between the 
anterior inferior iliac spine and the ilio- 
pubic (ilio-pectineal) eminence prior to 
crossing the middle of the front of the 
hip joint. Its tendon therefore must lie 
posterior to its flesliv portion and it must 
be separated from the bony groove and 
capsule by a bursa, the psoas bursa (p. 
456). 

The Psoas assists the Rectus Abdom- 
inis to flex the lumbar segments of the 
column, and it assists the Iliacus to flex 
the hip joint. 

The Psoas Minor is present in 50 per 
cent of 160 subjects, usually bilaterally. 
Its narrow flat tendon runs downwards 
in front of the Psoas; it blends with and 
greatly strejigthens the fascia covering 
the Psoas, and it can generally be traced 
to a prominent ridge on the iliac, portion 
of the pelvic brim. The presence of this 
ridge on a skeleton is evidence that a 
Psoas Minor was present in life. Like 
the Palmaris Longus and the Plantaris 
it is a vanishing muscle. In many lower 


mammals the Psoas Minor is larger than' 
the Psoas itself. In the gibbon it arises 
from vertebrae Th. J2, L. 1,2, and 3; in 
the three larger apes from Th. 12, L. 1 
and (2) ; in man, when present, it arises 
from fl'h. 12 and L. 1 . As a flexor of the 
pelvis on the spine, its value to the quad- 
ruped (e.g., rabbit) when running and to 
the ape when brachiating is apparent. 

The Quadratus Lumborum ig fiuadrate 
but not rectangular, tor its lateral border is 
oblique. It arises from the posterior two 
inches of the part of the inner lip of the 
iliac crest that bounds the iliac fossa, and 
from the ilio-lumbar ligament. It nms 
obliquely upwards and medially to be 
inserted into the medial two inches of the 
lower border of the last rib. Also, it gives 
slips to the tips of the lumbar tran.sverse 
processes and it receives slips from them. 
Insignificant parts of these slips cover 
the tips of the 1st, 2nd, and 3rd trans- 
verse processes, where they project be- 
yond the Psoas, and separate them from 
the kidney. 

The Quadratus is enclosed within a 
sheath formed by the “anterior” and 
middle lamellae of the lumbar fascia. 
The thin “anterior lamella” is merely an 
areolar covering, slightly thickened above 
to form the lateral arcuate ligament — 
which gives origin to the diaphragm — 
and greatly thickened below where, under 
the title, ilio-lumbar ligament, it acts as 
a suspensory ligament for the 5th lumbar 
vertebra and prevents excessive rotation 
of the 5th vertebra at the lumbo-sacral 
joint. 

» The Transversus Abdominis helps to 
form a sheath for the Rectus Abdominis 
in front and for the deep muscles of 
the back behind {jig. 199). Near the 
lateral border of the Quadratus it be- 
comes aponeurotic. This posterior apo- 
neurosis divides into two layers : of these, 
the posterior passes to the tips of the 
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lumbar spincn; tJin aulorior (the mkldlo 
lamella of the lumbar fascia) passes be- 
hind the Quadratiis and attaches itself 
to the tips of tlio lunil)ar transverse 
processes ]>y a series of eonverginj^ fibers. 
It is also attached to the last rib above 
and to the iliac crest below. 


IVctineiis. It exemplifies the rule that 
fasciae do not cross exposed areas of bone 
l)ut unite with them and, if strong, create 
lilies or ridges. In accordance with this 
rule, ii is found that (a) Above and laler- 
(dlij, ih(‘ fascia iliaca is attached to the 
sharp, medial lip of the iliac crest, (b) 


12tK rifb 


Transvcrftus 

<XpOT\C LLro 


La.t. cutarveous 
of tKigK (2,3) 

Genito 'femoral n, 

Femoral nerve 



GubcostaL n. (12) 


lUo - Ky poga&t r ic 
nerve (1) 

lUo-ingu-inal n. (1) 


Femoral n. (2,3,4) 
ScicLtlc nerve 


Obturator nerve 
(2,3,4) 


Fig. 301. The lumbar plexus and the muscles of the posterior abdominal wall. 


The Intertransversarii (Lateiiales) 
pass between adjacamt borders of trans- 
verse processes. 'J'hey an* in series with 
the Levatores Costarum and are supplied 
b}' anterior nerve rami. 

The Fascia Iliaca is a part of the gen- 
eral fascia that lines the muscles that 
enclose the abdominal cavity. This 
strong Tasci^ sheet covers the Iliacus and 
the Psoas, and infero-medially it is con- 
tinuous with the fascia that covers the 


Medially, it is reinforced by the tendon 
of the Psoaa Minor and it crosses the 
Psoas (and also the Pectineus) and gains 
attachment to the ilio-pectmeal part of 
the pelvic brim and helps to render it 
sharp . More cranially , and still following 
the medial border of the Psoas, it crosses 
the ala of the sacrum obliquely and is 
there pierced by the ilio-lumbar vessels, 
the obturator nerve, and the descending 
half of the anterior ramus of nerve L. 4, 
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but; being weak, it makes no line on the 
ala. The anterior ramus of nerve L. 5 
emerges from the intervertebral foramen 
below the origin of the Psoas and its 
fascia. The genito-femoral nerve pierces 
the Psoas fascia (sometimes as two roots), 
(c) Below y it is carried downwards in 
front of these 3 muscles — Iliacus, Psoas, 
and Pectineus — into the thigh. As the 
part Covering the Iliacus is passing behind 
the inguinal ligament, it adheres to it and 
to the fascia transversalis ; and in the 
thigh it lies deep to the fascia lata. But, 
the part covering the Psoas and Pectineus 
is separated from the inguinal ligament, 
fascia transversalis, and fascia lata by 
the femoral artery, femoral vein, and 
deep inguinal lymph vessels which here 
descend into the thigh wrapped around 
in extraperitoncal areolar tissue, called 
the femoral shejith 370). (d) The 

fascia iliaca is carried upwnnlSy above the 
iliac crest, in front of the Psoas as the 
Psoas fascia. 

The Psoas Fascia is thickened above to 
form the medial arcuate ligament (med. 
lumbo-costal arch), which gives origin 
to the diaphragm. Laterally, it blends 
with the Quadratus Lumborum fascia 
and is attached to the tips of the first 
three lumbar transveise processes, which 
project slightly beyond the Psoas {fig. 
301). Medially, it is attached to the 
bodies of the lumbar vertebrae and to. 
their discs. The attachment is, however, 
interrupted where the lumbar vesfi»els and 
rami communicantes pass backwards on 
the sides of the bodies. 

The Ilio-p§oas, then, lies extrafascially 
in an osseo-fascial pocket; hence, the con- 
tractions of this muscle disturb to a 
minimum the viscera (e.g., appendix, 
caecum, and colon) that lie in front of it. 

The Lumbar Nerves. The anterior 
and posterior roots of each of the five 
lumbar nerves unite in the intervertebral 


foramen, below the vertebra with which 
they correspond numerically, to form a 
lumbar nerve. Each mixed nerve so- 
formed at once divides into an anterior 
and a posterior ramus. The posterior 
rami are small. Each of thorn at once 
curves backwards, lateral to a superior 
articular process and medial to an Inter- 
transverse muscle. The anterior rami are 
large, and they increase in siza from the 
first to the. fifth. Each of the five re- 
ceives one or two gray rami cornmuni- 
cantes from the sympathetic trunk; each 
of the upper 2 (or 3) sends a white ramus 
communicans to the sjnnpathetic trunk; 
most of the lymbar nerves supply the 
Psoas, Quadratus Lumborum, and Inter- 
transversarii. ICacli of the fivT continues 
downwards across the front of the root of 
the transverse proc^oss of the vertebra 
below, the fiftli crossing the ala of the 
sacrum. 

The Lumbar Plexus is formed by the 
anterior rami of the upper SJ lumbar 
nerves. The first ramus is joined by a 
branch of the twelfth thoracic ramus. 
The lower half of the fourth ramus joins 
the fifth ramus near the anterior border 
of the ala of the sacrum to form the 
lumbosacral trunk. The branches of the 
plexus encounter the Psoas and pass 
amongst its posterior fibers. With the 
exception of two branches, the genito- 
femoral and obturator, the plexus re- 
mains outside the fascial lining of the 
abdomen and pelvis. Its largest and 
most important branches are the femoral 
ai^d obturator nerves, both of which 
spring from the segments L. 2, 3, and 4. 

The Obturator Nerve courses to the 
upper part of the obturator foramen. It, 
therefore, appears from under cover of 
the medial border of the Psoas, where it 
pierces the psoas fascia. It then passes 
behind the junction of common and ex- 
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ternal iliac vessels and enters the true 
• pelvis. 

The Frfnoral yrrrc ('ourses to the 
lateral side of the femoral sheath and 
enters the thi^h behind the inguinal liga- 
ment. It, therefore, appears at the 
lateral border of the Psoas, and run!^ 
downwards in the angle between the 
Psoas and Iliaciis. Being cxtrafascial, 
it cannot* enter the femoral sheath. It 
supplies the Iliacus. 

It is of interest to observe that 1 hough 
the femoral nerve supplies the muscles 
on the front of fhe thigli, i(s tliree roots 
arise bc'hind tin* thre(' loots of the ob- 
turator nerv(‘, whicli su})i)lies the muscles 
on the ni(‘dial aspect of th(' tliigli. The 
explanation is that during dcivelopment 
the limb iind(‘rgT)(‘s medial rotation 
whereby the f(‘moral nerve region, from 
being behind, is brought to the front, 
and Uk; obturator nerve region is carried 
from the front to th(' medial side*. The 
femoral ikm'vc* ma\' be (*ompared to a 
posterior division of the brachial plc'Mis; 
the obturator nerve lo an anterior. 

In addition to the femoral nerve, four 
nerves appear at the lateral bolder of the 
Psoas. In ascending order they are: (a) 
The hdlrntl {(vinoriil) ('nl(nHnu\ y(rn, 
which arisi's from L. 2 and 3 eithca- di- 
rei'tly or els(* mdirectly as a bianch of tlie 
femoral nerve. It runs across tiie lliacn> 
and ent(Ts the thigh by passing Ixhind 
the inguinal ligament aiiywhen* betweiai 
the anterior Miperior spine and tlic- fe- 
moral nerve, (b) and (c; The Iln>- 
inguinal and Ilio~hypo(j(ii<lric Nervefi, 
whieli arise ('ilher singly or together from 
1j. 1, enter the abdomen Ixdiind the 
medial arcuate ligament, and cross in 
front of the Quadratus. The ilio-iiujui- 
nal nerve is directed towards the anterior 
superior iliat spine. It pierces the Trans- 
versus about an inch behind the spine 
and the Internal Obliciue about an inch 


in front of it, and then continues its 
course deep to the External Obli(}ue apo- 
neurosis I(*ss than a finger's breadth above 
the inguinal ligament. The ilio-hypo- 
gantric nerve, commonly containing fibers 
from Th. 12 as well as L. 1, follows a 
similar coursi' at a higher level. It 
pion’os th(' Transversus aponeurosis just 
beyond the (Quadratus, and the Internal 
()bli(|ii(‘ in front of the anterior superior 
spine. Th(^ lateral eiitaneous branch of 
L. 1 -knotvn as tlie iliac branch of the 
iliodiypogastric arises from the ilio- 
hypogastric ru'i’ve, crosses the iliac crest 
beside* the tubereh*, and descends to the 
level of th(‘ greater trochanter of the 
femur, (d) The SubcDt^lal Nerve {ante- 
rior ram as of Th. ('2) whicth enters the 
abdomen behind the lateral arcuate liga- 
m(‘nt and, ther(‘fore, in front of the 
(Quadratus bu inborn m. It lies some- 
what 1k‘Io\v lh(* last rib, pierces the 
Transv('rsus aponeuiosis, and th(*ii runs 
betw(‘en tlu* 'riansv(*rsus and ()bli(iuus 
IntfTniis, wliieli guid(‘ U ultimately to 
the R(*<'lus sfuvdh which it enters. Its 
lateral cutaneous branch crosses the 
iliac crest iHiliind the anterior superior 
spine and deseends to the level of the 
great er IroehautcT [jUjs. ID9, 201). 

The (lenilo- fern oral Nerve (L. 1 and 2) 
comes to lie within the fascial lining of 
the abdomen and, to do so, pierces the 
Psoas and the psoas fascia. It divides 
at a very variable level into two branches, 
femoral and gcnitalj which descend in 
front of the Psoas towards the midin- 
guiiuil point. The femoral branch 
(lumbo-inguinal n.) is the cutaneous 
nerve of the femoral triangle. To reach 
the triangle it requires to pierce the fascia 
a second time. It does so in several 
branches which run lateral to the femoral 
artery, below the inguinal ligament, and 
through th(i fascia lata. The genital 
branch (ext. spermatic n.) supplies the 
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cremaster muscle and traverses the in- 
guinal canal to end in the skin of the 
scrotum. In its course it passes in front 
of the end of the external iliac artery and 
pierces the coverings of the spermatic 
cord, one by one. 

Variations. A considerable and vari- 
able intercliange of fibers takes place in 
the abdominal wall between the ilio- 
hypogastric, ilio-iiiguinab lat(‘i*al f(*moral 
cutaneous, and genito-femoral n(‘rves, in 
consequence of which the teri*5tory each 
supplies is variable. 

An Accessory Obturator Nerve com- 
monly arises from L. 3 and 4. It is a 
small nerve \N'hich, when present., ad- 
heres to th(‘ psoas fascia alojig th(‘ nK'dial 
border of tlie Psoas. It crosses the 
superior ramus of the pubis and sends 
branches to the,Pectineus and hip joint. 

THE DIAPHRAGM 

The diaphragm f(5k. dia == through, 
across; phragma a partition) is the 
dome-shaped musculfHaponeurotic parti- 
tion between the thorax and the abdomen. 
It has a rounded cupola on each side 
belov\ the lungs, and a depressed median 
portion on which the heart lies. The 
median portion rises to the level of the 
xiphi-sternal joint which corresponds 
behind to the body of the 9th Th. vertebra 
or 8th spine. The right cupola rises to 
the 5th rib half-an-inch below the right 
nipple ; the left cupola rises to ^the 5th 
interspace, an inch below the left nipple. 
These correspond on the posterior surface 
of the body to points \ ^ ' below the 

inferior angfes of the scapulae. 

Attachments and Marginal Gaps. The 
diaphragm is attached on each side by 
fleshy digitations to the back of the xi- 
phoid process, to the inner surfaces of the 
to f2th^c9stal cartilage^ and to the 
vertebral column. The costal slips in- 
terdigitate with slips of the Transversus 


Abdominis. Of the vertebral attach- 
ments or crura^ the more powerful^rigbt 
crus is attached to the bodies of the upper 
yy:ee lumbar ,vertebrae 4 the jeft lo the 
bodioj^joi the^ppp.^* twp. 

Anteriorly, in the median plane, there 
is a slight gap between the right and left 
xiplioid slips. 

Posteriorly, in the jiiodian plane, there 
is a large* gap bolwe(‘n the two crura; 
through this tlie aorta pa.sscs. The 
medial parts of the crura are fibrous, and 
they join in front of the aorta imme- 
diately above the coeliaC artery to form 
the median arcuate ligament. 

Anteriorly, qn each side*, between the 
xiphoid slif) and (he sli]) from (he 7th c. 
(*aiiilag(‘, the superior e[)igastric vi'sscls 
pass into tlu* r(‘ctus sheath. 

l\)st(Tiorly, on (‘ach side, [H*tween the 
crus and the slip from the 12tli rib, the 
pleural and peritoneal cavities are con- 
tinuous with each otlu'r in prenatal life 
until (‘rural fibers migi’ate lat (‘rally across 
the space towards the 12th rib, and as a 
rule siicce(*(l in reaching it, tlu'ndjy clos- 
ing the space and separating the two 
caviti(*s {Jiij. S02). Sometinu's they fail; 
aMriangiilar gap, the vcricbrO’COstal tri- 
(lumbo-costal trigone), is the 7-esult. 
The filx'rs closing the space find attach- 
ment lo the fascia covering the Psoas 
and (Quadrat us Jaimboriim, which in re- 
sponse becomes Ihickc'iied and strength- 
en(‘(l to form the medial and lateral arcuate 
ligamctits (lurnbo-ctostal arches). Of 
these, the mcMlial lig. bridges the Psoas 
and extends from the lateral border of 
tfie crus to the transverse process of the 
1st lumbar vertebra; the lateral lig. 
bridges the Quadratus and extends from 
the latter point to the middle of the 12th 
rib. In consequence, tbc upper ends of 
the Psoas and Quadratus lie Avithin the 
thorax. ' 

In cases where the pleural and peritoneal 
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cavities remain in open communication 
through the vertebro-costal trigone, some 
of the abdominal contents may come to 
occupy the pleural cavity ; that is to say, 
a congenital diaphragmatic hernia results. 
But even when the diaphragm fails to 
close the space, an areolar membrane 
usually does so. The kidney overlies the 
trigone and an easy path exists for infec- 


larges during inspiration due to the pull 
of the surrounding fleshy fibers, and its 
contents are hurried on to the heart.* 
The Oesophagus pierces the decussating 
fibers of the right crus at the level of the 
10th vertebra. These fibers appear to 
act as a sj3hincter for the cardiac end of 
the stomach and prevent its contents 
from returning to the oesophagus ' 
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I'lc. The abrioiniiial surface of the diaphragm. 


tion to spread from the kidney region to 
the pleural cavity, and vice versa. 

Structure. The central part of the 
diaphragm is called the central tendoie 
It is composed of decussating and inter- 
woven tendinous fibers, and it has the 
shape of a trefoil or clover leaf. The 
peripheral fleshy fibers converge on it. 

Structure^piercing. The L V. Cava 
pierces the Antral tendon at the level 
of the 8th Th. vertebra. Its orifice en- 


The >Aoria doi's not pierce the dia- 
phragm but passes behind the median 
arcuate ligament at the level of the 12th 
vertebra. It is not affected^ by the con- 
traction of the diaphragm. 

These vertebral levels, then, are 8, 10, 

* In some animals there is a certain degree 
of constriction of the i. v. cava during strong 
contraction of the diaphragm, as revealed by 
X-ray following injections of thorotrast; and. 
it is not agreed by all that in man the i. v. caval 
opening in the diaphragm does enlarge during 
inspiration. (Franklin.) 
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12. The aortic orifice is in the median 
plane; the cava I orifice is an inch to the 
right; the oesophageal orifice is an inch 
or less to the left. 

Otheh Structures Piercing 

Through the caval opening pass some 
branches of the right 'phrenic nerve. The 
left phrenic and other branches of the 
right phrenic pierce the diaphragm inde- 
pendently to spread out On its abdominal 
surface. • 

Through the oesophageal orifice pass 
the gastric nerves (the anterior in front 
of the oesophagus, the posterior behind 
it) and the oesophageal branches of the 
left gastric artery and vein. The vein is 
of special importance, because, anas- 
tomosing, as it does, with oesophageal 
branches of Uk* ^izygos veins, it connects 
the portal and systemic venous systems, 
(p. 252), 

Through the aortic orifice passes the 
thoracic duct [also a vein connecting the 
right ascending lumbar vein to the azygos 
system], 

'I'he phrenic and gastric nerves are not 
the only nerves to pass through the 
diaphragm, for on each side the^ 3 splanch- 
nic nerves (great, small, and smallest) 
pierce the crura to end in the coeliac 
(and aortico-renal) ganglia. 

Nerve and Blood Supply {Jig. 303). 
The diaphragm is supplied by (a) the 
phrenic nerve (C. 3, 4, and 5) which is 
both motor aiul sensory, (b) the lower 
intercostal nerves, which are sensory to 
the peripheral parts, and (c) .branches 
from the coeliac ganglion, which are 
probably concerned with tlie tone of the 
diaphragm. 

The greater part of the diaphragm 
developed in the neck, but descended 
before the expanding lungs, drawing the 
phrenic nerves after it. The phrenic 
nerve is the only motor nerve to the dia- 


phragm. If cut (in the dog) the dia- 
phragm atrophies and becomes fibrous 
up to the median plane. Cutting the 
different roots of the phrenic nerve (in 
goats) reveals the fact that the upper root 
supplies the anterior part of the dia- 
phragm, the middle the intermediate 
part, and the lower the hinder part. 

The pericardiaco-phrenic, (inferior) 
phrenic, musculo-phrenic, and intercostal 
arteries supply the diaphragm. 

Relations. The abdominal rdalions 
are: the liver, stomach, spleen, coeliac 



Fig. 303. The nerve supply of the 
diaphragm. 


ganglia, adrenal glands, and kidneys. 
Ths thoracic relations are: the heart and 
pericardium, the lungs and pleurae, the 
pleural recesses and below the recesses 
are the lower intercostal spaces and ribs, 
the thoracic aorta and the oesophagus 
{figs. 216, 534). 

Development. The fully formed dia- 
phragm is derived from a mesodermal 
partition of composite origin (fg. 304)- 
The antero-median part arose from the 
septum transversum; the postero-median 
part arose from the primitive dorsal 
mesentery; the lateral parts were, so to 
speak, dissected off the body wall by the 
developing lungs; the gap, the pleuro- 
peritoneal canal, on each side between 
the postero-median and the lateral part 
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■is closoci by a membrane, the pleuro- 
peritoneal membrane. In the young em- 
bryo the hiruJer part of this composite 
parti! ion lies at the level of vertebra C. 2; 
but it has a long descent to make, for 
ultimately, as the crura of the diaphragm, 
it gains attachment to vertebrae L. *2 
and 3. On passing vertebrae C. 3, 4, 
and 5, portions of the myotomes of these 
segments^ supplied by the phrenic nerve, 
extend into it and pervade it, thereby 
forming the muscular diaphragm. 



Fig. 301. The clomoiit?; from which the dia- 
phragm is developoil. 1 = soplum traiis- 

versum; 2, 3 — dorsal mrsonloi y; 4 = plcuro- 
peritonoal membrano; 5 " body wmI! (After 
oromaii.) 

The Septum Transvkustm is tip' 
thick ni(\so(ieimal mass ilia I .surrounds 
the vitelline v('ins (also llu' coimiKin car- 
dinal V(Mns) prior lo tluMr entming tin' 
sinus venosus of the lu^art. Al a cerlaiii 
period this septum projects horizontally 
backwards from the anterior body wall 
to meet the dorsal mesenter}' at the level 
where the duct system of the liver (of 
endodermal origin) buds from the duo- 
denum. Ultimately, the septum sepa- 
rates into three layers: (1) the upper 
layer forms part of the pericardium; (2) 
the intermediate layer forms part of the 
diaphragm 1^3) the lower layer forms the 
connective tissue stroma of the liver. 

The enlarging peritoneal cavity, by ex- 


tending into the septum transversum be- 
tween layers 2 and 3, “dissects'' the liver 
from the diaphragm — but not entirely. 
Tlius, “dissection" is practically com- 
plete on the left sidc\ except for the left 
triangular ligament; in the fnedian plane, 
except for the falciform ligament; and on 
the right side, except for the bare area 
bounded by (he ('oronary ligament --here 
and diaphragm J*emain loos(d;^ con- 
nected. \W this provision, during res- 
piration, tlu' contracting diaphragm can 
glide unhampered on the livc'r. 

THE ABDOMINAL LYMPHATICS 

Lymph capillaries, lymph vessels, and 
lymph glands occupy areolar and fascial 
planes, c.g., the deep fascia of the skin, 
submucous and suhserous coats of viscera. 
Lymph capillaries forip networks which 
drain by the nearest issuing lymph 
vessels. Retrograde How is prohibited 
by numerous valves. If one group of 
vessels is obstructed, the lymph escapes 
into tlie next nearest issuing vessels, like 
water from a marsh. In two parts of 
the body, hollow, tiiigerlike projections, 
blind at one end, arc erected on the net- 
work. They project into (a) the papillae 
of the skill and (b) the villi of the in- 
testines. After a meal the intestinal 
lymph vessels contain emulsified fat ; and, 
since this is white like milk, the vessels 
are called lacteals. 

The external and common iliac chains 
of glands (fig. 072 ) continue upwards 
along the sides of the aorta and around it 
as the light and left lateral aortic or lum- 
bar chains of glands. They open by 
means of a right and a left lumbar lymph 
trunk into a tubular sac, called the 
cisterna (receptaculum) chyli. The inf. 
vena cava nins through the right chain 
making it less accessible than the left. 

These chains receive (1) lymph al- 
ready filtered by glands and coming from 
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the lower limbs, Iow(m* part of the ante- 
rior al)rlominal wall, external genitals, 
perineum, and pelvis; (2) lymph vessels 
that follow the lumbar vessels jind drain 
the posterior abdominal vail; (3) the 
vessels from the three paired ji;lands - 
adrenal, kidney, and testis (tin* ovary, 
upper part of the ulej'us, and the ut(Tin(' 
tube in the female) — and (4) tlic part of 
the gastro-intestinal tract supplied by 
the inferior mesenteric artciy drains into 
the left aortic chain. (The *p^rts sup- 
plied by the coeliac and superior mesen- 
teric arteries drain by means of a gastro- 
intestinal trunk into the cisterna chyli.) 

The cisterna chyli will be described 
now and the drainage of the gastro- 
intestinal canal and of the three un- 
paired glands (liver, pancreas, and spleen) 
will be (!onsidcr^'d 

Th( (U.^lcrtui ('hyli resembles a two- 
inch segm(3nt of a vein, but it is white. 
Its diameter is less than that of a 
lead pencil, but it may be irregularly 
dilated. It lies between the aorta and 
the right crus of the diaphragm but the 
vena azygos, when present, separates it 
from the crus. It receives five or more 
trunks, namely, the right and lejl lumbar 
trunksj the gastro-intestinal trunk, and a 
pair of vessels that descend from the 
lower intercostal spaces. On passing 
through the aortic opening it becomes the 
thoracic duct. 

The Intestine. The glands of the 
large intestine are numerous and are 
roughly arranged in three groups: (1) 
paracolic glands on the marginal artery 
close to the gut wall, (2) intermediate 
glands on the stems of the colic arteries, 
and (3) main glands near the roots of the 
colic arteries, beside the aorta. The 
lymph vessels from the intestine follow 
the blood vessels fairly closely and each 
vessel is interrupted by one or more 
groups of glands. The lymph vessels 


from the segment of the large gut' be- 
tween the appendix and the left end of 
the transverse colon follow the branches 
of the superior mesenteric artery and 
join to form the intestinal trunk. Those 
from the left colic flexure and remainder 
5f the large gut follow the branches of 
the inferior mesenteric artery and end 
amongst the glands of the left aortic 
chain. There may be an appendicular 
gland in the mesentery of the appendix; 
there are many glands clustered in the 
ileo-colic angle; tlic vessels from the 
transvcMse colon have tliMongest distance 
to tra.v(‘l; those at the left colic flexure 
c()mmuni(‘ate .with the splenic glands, 
travelling j)roi)al)ly along tlu^ route of the 
occasional arU‘ry described on page 2t53. 

The Smalt Intestine is drained through 
numerous glands divisil)le like those of 
the lai’ge intestine into three groups. 
Ultimately a chaniu'l, thi^ intestinal trunk, 
emerges and, by joining l-’u‘ gastric trunk, 
forms th(‘ gastro-intestinal trunk wliich 
opens into (he cisterna chyli. 

The Stomach and the Three Unpaired 
Glands (Liver, Pancreas, and Spleen). 
Lymph Glands. Along the upper bor- 
der of the pancreas there are middle, 
right, and left suprapancreatic groups of 
glands related to the cocliac artery and 
to its hepatic and splenic branches. A 
subpyloric group is applied to the front 
of the head of the pancreas below the 
pylorus; a left gastric chain lies on the 
course of the left gastric artery; a biliary 
chain extends along the ))ilc passages 
from the porta hepalis above, through 
tfie lesser omentum, and behind the first 
part of the tluodenum and head of the 
pancreas, to the second part of the duo- 
denum l)elow. And, there is a main 
group of colic glands at the root of the 
mesentery. 

The Stomach. The lymph vessels 
from the part of the stomach that lies to 
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the left of a vertical line dropped through 
the oesophagus pass with the left gastro- 
epiploic and short gastric arteries through 
the gastro-splenic and the lieno-renal 
ligaments to the suprapancreatic glands; 
some, however, pass to a necklace of 
glands placed around the oesophageal 
opening. Of the lymph vessels to the 
right of this vertical line, (a) the upper 
ones run to the left to glands placed on 
the left gastric artery at the left end of 
the lesser curvature of the stomach and 
are there in part intercepted, but some 
vessels pass by these glands to more dis- 
tant ones on the stem of the left gastric 
artery, and so to suprapancreatic glands, 
(b) The lower vessels run to the right 
to glands placed on the right gastro-cpi- 
ploic artery at the right end of the greater 
curvature, thence to the subpyloric group, 
from which they are dispensed to supra- 
pancreatic glands and to the main group 
of superior mesenteric glands. 

(c) At the extreme pyloric end of, the 
lesser curvature .several lymph \cssel.s 
follow the right gastric artery. 

The lymph plexuses of the stomach 
communicate with those of the oesoph- 
agus; but only feebly, if at all, with 


those of the duodenum. This is due to: 
the connective tissue septum in the sub- 
mucous coat at the pyloric sphincter, to 
discontinuity of the circular muscle 
fibers, and to indipping of the longitudinal 
muscle fibers. 

The Liver. Lymph vessels from the 
upper surface of the liver pass through 
the falciform ligament to retrosternal 
glands, which lie on the diaphragm' and 
discharge into the internal mammary 
chain; som'e from the interior, following 
the hepatic \cins, pass with i. v. cava 
through the diaphragm to diaphrag- 
matic glands, th(mcc to the thoracic duct; 
others, following the branches of the 
jiortal vein, emerge at the porta and travel 
down the biliary chain to be distributed 
to the various pancreatic glands. There 
is an intercepting gland, the cystic gland, 
at the neck of the gall-bladder and there 
are others “hepatic glands” in the porta 
hepati.s. 

The drains into adjacent 

gland.s. 

Tin, SiM,EE\ drains into splenic glands 
-iliiali‘d when' the lip of the pancreas 
abuts .'iguinst the .'^pleen. 



SECTION IV 


THE PERINEUM AND PELVIS 

CHAPTER 11 


• THE PERINEUM 

The perineum is the region (ound about 
the outflow from the rectum and bladder 
It is a diamond-shaped space at whose 
angles are the inferior pubic (arcuate) 
ligament, the tip of the coccyx, and the 
ischial tuberosities. The pubic arch 
and the sacro-tuberous ligaments form 
its sides {fig. 305). The sacro-tuberous 
ligament, however, is bidden by the 
border of the •Gluteus Maximus. The 
ischial tuberosities bear the weight of the 
body when sitting; so, they are covered 
by a thick mass of tough, stringy, fibrous 
tissue in which a bursa may be buried. 

The anterior half of this diamond is 
called the urogenital triangle; the posterior 
half is the anai triangle. 

Developmental Considerations. In 
the embryo the endodermal alimentary 
canal ends in a blind receptacle, the 
cloaca, shaped somewhat like a coffee pot, 
the spout being the allantoic diverticu- 
lum, definitively the urachus. The 
mesonephric dud (definitively the vas 
deferens in the male) grows caudally 
and opens into the anterior part of the 
cloaca. The ureter develops as an out- 
growth from the mesonephric duct, and 
the two have for a period a common 
terminal duct (figs. 306, 307). This com- 
mon duct is absorbed suhscquently into 
the posterior wall of the bladder and pro- 
static urethra with the result that the 
ureter and vas deferens come to have in- 
dependent openings. 


In reptiles and liirds th<' ehiaca opens 
on to the skin surface through an orifice, 
guarded by a sphincter of striated muscle, 
the doncal sphincter, which is derived 
from cutaneous tis.sucS In mammals, 
including man, a septum of mesoderm, 
the uro-ieclal ^septum, divides the cloaca 
into (a) an anterior or uro-genital part, 
.and (1)) a posterior or intestinal part. 
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Fio 305 boundaries and subdivisions of 
the perineum 



Till' cloacal sphincter also divides into 
.“interior and posterior parts : the posterior 
part becomes the Sphincter Ani Ex- 
temus, the anterior part becomes the 
Transversus Perinei Superficialis, Bulbo- 
spongiosus, Ischio-cavernosus, and uro- 
genital diaphragm. 

From these considerations you will 
understand why on one nerve, the pvden- 
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dal n., which is a mixed nerve, falls the 
onus of supplying all the muscles into 
which the cloacal sphincter divides, as 
well as the skill of the region round about 
it; and why its companion artery, the 
pvdendal a., nourishes the entire terri- 
tory; also why the bladder and rectiiii? 
have a common nerve su])ply (the pelvic 
splanchnic n. and the hypogastric plexus). 

Definitipns. It is well to define now 
the following terms: 

1. Tli(‘ “ I r()(fcnil(t/ l)i(i[)hm<pn" {Juj. 
308) is a thin sh(‘et of striat(‘(l muscle 
which s(r(Hch(‘s « b(‘t wcM'ii thf‘ two sides 
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Fig. 30 i. The cloaca arulitH iierv** supply. 


of the pubic arch. It-^ ino'-i anUM'iui 
fibers and its most posterior fibers 
(Transversus Perinci Profundus) run 
transversely. Its middle Jib(‘rs tSjiliinc* 
ter Prettiraej in part encircle the uretlira, 
and in part decussate and embrace it, 
much as the fibers of the crura of tlje 
‘ ‘ thorac( )-abd()minal ’ ’ diaphragm ('m- 
brace the oesophagus. Like other mus- 
cles, the urogenital diaphragm is 
enveloped in areolar tissue; and because 
the tUaphraenn is flat, its envelope forms 
two sheets, •‘“the inferior and superior 
fasciae of th(' urogenital diaphragm’'.* 


The inferior sheet of fascia is called the 
perineal membrane. 

2. The Superficial Perineal Fascia of 
Colies is the fascia of Scarpa continued 
into the perineum. Its attachments are 
to: the fascia lata, the pubic arch, and 
the base of the perineal membrane 
(fig 308). In front it is prolonged over 
the penis and scrotum and so fornjs a 
covering for the testes and spermatic 
cords. From this it follows that its line 
of attachment to the fascia lata must pass 
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Fig. 307. The connections and subdivisions 
of ihe cloaca. 


lateral to the superficial inguinal ring 
(fg. JOO). 

3. The Superficial Perineal Pouch is 
the space between the superficial perineal 
fascia and the jicrineal membrane. 
Should the urethra rupture into this 
space, the attachments of Colles’ fascia 
will determine the direction of flow of 
the (‘xtravasated urine- nol to the anal 
triangle nor the tliigh, but into the scro- 
tum, around the penis, and upwards into 
Ihe abdominal wall. 

4. The Deep Perineal Pouch is the 
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space enclosed by ‘^the superior and in- 
ferior fasciae of the urogenital dia- 
phragm”. Among its contents are the 
membranous urethra and the Sphincter 
Urethrae. 

5. The Perineal Body is a small 
fibrous area at the central point of the 
perineum. The base of the perineal 
membrane and several muscles arc at- 
tachefl to it. The muscles are the 
Sphincter Ani IGxtcrnus, Transversus 
Pcrinei Superficialis, Bulbospongiosus, and 
in part the Levator Ani. 


and join the opposite Superficial Trans- 
verse Perineal muscle. Above, it is not 
always sharply defined from the Levator 
Ani; inferiorly, many branches of the 
inferior rectal (haemorrhoidal) vessels 
and nerve pass between the superficial 
and deep parts. {Fig. 

The Ischio-rectal Fossae are the 
fascial -lined, wedge-hhaped spaces, one 
on each side of the anal canal and rectum. 
Filled with fat, which is fluid at body 
temperature,- they allow the rectum to 
become distended and to empty. Each 



Fia. IifOS. T(i explain the urogenital diaphragm and the perineal pouches (schematic). 


The Anal Triangle 

The Sphincter Ani Extemus (Anus, L. 
= a ring) is a sphincter of voluntary 
muscle, 1" deep, placed around the anal 
canal. It has three parts — subcutane- 
ous, superficial, and deep. Thv^ Subcu- 
taneous Part is slender and encircles the 
anal orifice. The Superjicial Part is ellip- 
tical and extends from the tip of the 
coccyx and ano-coocygeal raph6 (i.e., a 
fibrous band between anus and coccyx) 
to the perineal body. It moors the cir- 
cular anus to tlie mediiiii plane, but offers 
it little support fore and aft. The Deep 
Part encircles the anal canal like a collar; 
in front, however, some fibers decussate 


fossa is bounded laterally by the ischium, 
from which the Obturator Internus 
arises {Jig. ,W9) ; medially, by the rectum 
and anal canal, to which the Levator 
Ani and Fi^xternal Sphincter are applied; 
posterioj-ly, by flic sacro- tuberous liga- 
ment and the ovedying Cdiiteus Maxi- 
mus; antoriorl 3 % by Uic ]>ase of the ‘‘uro- 
genital diaphragm and its fasciae”. A 
finger tip may, however, be passed for- 
wards above the base of the u.g. dia- 
phragm and lateral to the piostate into a 
short cul-de-sac until anosted by the 
blending of the superior fascia, of the 
u.g. diaphragm, the fascia covering Leva- 
tor Ani, and the fascia covering the pros- 
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tate. The fascia covering the Obturator 
Intemus is fairly strong and it extends 
upwards beyond the fossa, reaching pos- 
teriorly to the pelvic brim (fig. 3>^0). 
The fascia covering the TiOvator Ani 
weak. The apex of this fascial-lined, 
wedge-shaped fossa is formed by tne 
Ivovator .Vni arising from the Obturator 
Internus fascia al)oiit 2] inches above 
the ischral tuberosity. 

^Jlie fascial linings of tlie riglifc and 
left fossae blend posteriorly, between rec- 
tum and coccy.x, to form a weak, median, 
areolar partitidh \\lu)se lower free border 
is the anococcygeal raphf* 



Fm. ana The pelvis m roroniiJ sei tion to 
>li()\v tlie ischio-rectal fossa (sriionialic) 

The internal pudendal \ess(*ls and 
nerve (pudere, L ^ to be a'^hained , cf. 
impudent) run torwanb in an areolar 
sheath, the pudendal nwal of VIcock, 
which is adherent to the lateral surface 
of the Obturator Ii^ernus fascia, 1 inch 
above the tuberosity. Far back they 
give olt the inferior rectal or hemorrhoidal 
vessels and nerve, whi(‘h become m6re 
and more superficial as the}^ pass for- 
wards and medially through the ischio- 
rectal fossa towards the surface to supply 
the External Sphincter and the skin 
around th^nus. 

Two other cutaneous nerves, the pern 
Sorating cutaneous branch of the 2nd and 


3rd sacral and the perineal branch of the 
4th sacral are shown in figure 305. 

The Urogenital Triangle in the Male 

comprises the superficial and the deep 
perineal pouch. When the superficial 
perineal fascia of Colies, which is some- 
what laminated, is incised longitudinally 
on each side of the median linfi, the 
Superficial Perineal Pouch of Colles is 
opened. It is seen to be divided im- 
perfectly ‘‘into a right and a left side by an 
arooliir septum, and, it is continued, deep 
to th(' fas(*ia of Scarpa, into the ant. ab- 
dominal wall (fig. W’i) 

The two poRlcnor .scrotal branches of 
the perineal nerre pierce the base of the 
perineal membrane, and the perineal 
branch of the posterior cutaneous nerve of 
the thigh pierces the attachment of Colles^ 
tascia to the pubic arch; thereafter these 
3 sonsorv ncTvos can be followed for- 
wards on to the scrotum accompanied by 
the posterior scrotal arteries. A small 
aiteiy, called the transverse perineal a., 
runs along tb(‘ base of the pouch to meet 
its fellow. 

The Contents of the Superficial 
Pouch are: 

(a) 3 superficial nerves, just described, 

(b) 3 superficial arteries, just described, 

(c) 3 superficial muscles (page 312), all 
of which are paired, and 

(d) The root of the penis. 

The Penis (penis, L. = a tail) is com- 
posed of three fibro-elaatic cylinders, the 
right and left corpora cavernosa penis and 
the coipus spongiosum penis (urethrae) 
(fig^ 310), which are filled* with erectile 
tissue and are enveloped in fasciae and 
skin. The corpora cavernosa penis fuse 
with each other in the median plane, ex- 
cept behind where, as two diverging 
crura, they separate to find attachment 
on each side to an inch of the pubic arch. 
They form an elastic support or skeleton 
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for the corpus spongiosum penis which is 
traversed by the urethra, and which lies 
below and between them. The corpus 
spongiosum can easily be dissected free 
from the corpora cavernosa. It is then 
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the u-g. diaphragm) serves to moor the 
bulb of the penis to the pubic arch and, 
accordingly, it is stronger than the supe- 
rior fascia of the diaphragm. 

Coverings The skin of the abdomi- 
nal wall and scrotum and the two layers 
of the superficial fascia (Camper and 
Scarpa) are prolonged over the penis as a 
series of very loosely connected envelopes 
which end as the foreskin on prepitce. 
The skin is devoid of hairs and the fascia 
of fat. Deep to these, a closed tube of 
denser and more tightly fitting fascia, 
the fascia penis, envelopes the body of 
the penis from the corona of the glans to 
the root of tjie penis. This fascia is 
‘idheient on each side in the groove 
between the c cavernosum and c 
spongiosum The Suspensory Ligament 
of th( Penis Is cl thick, triangular fibro- 
elastic band. Above, it is fixed to the 



Fig 811 The lower parts of the genital anti urinary tracts and their relations 


seen to be swollen in front where, as the 
glans penis, it fits on to the blunt end of 
the united corpora cavernosa penis, and 
swollen behind where, as the hvlhus penis, 
it is fixed to the perineal membrane. 

The perineal membrane (inf. fascia of 


lower part of the linea alba and upper 
part of the symphysis pubis; below, it 
splits to form a sling for the penis at the 
junction of its fixed and mobile p^ts (i.e., 
where the organ is* bent) and here it 
blends with the fascia penis 
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Vessels and Nerves. The (deep) 
dorsal nerves, arteries, vein, and lymph 
vessels run along the dorsum penis deep 
to the fascia penis and end, or begin, in 
the glans. JOncircling branches of the 
vein {Jig. -liJ) <lrain the c. cavernosa and 
c. spongiosum; encircling lymph vessc'l's 
drain the spongy or penile ur(‘thra; en- 
circling arteries send twigs to the c. 
('a\(‘iii()sa'an(l c. sj)()ngi()siim. 1di(‘ derp 
dorml vein j):isses between the inferior 
pubic ligament, and Hie u.g. diaphragm 
to end in Hu* prostatie plexus of v(‘ins. 
The bjmpli rrH.<irfs (*nd in Hu* di^ep ingui- 
nal glands; others pass through the femo- 


dorsal vein. The superficial dorsal vein 
ends by dividing into right and left 
branches wliich pass via the external pu- 
d(‘ndal veins to the long saphenous veins. 
The lympli vessels of tlie coverings anas- 
tomose in Hk; prepuce with branches of 
tlie d('ep \Tssels and end in tlu* super- 
ficial inguinal glands! The nerves are 
branches of the dorsal n(*rve. Tho^g'eni- 
lal branch of Hie genito-feinoral n. and 
the ilio-inguinal n. supply the parts Tu*ar 
(lie pubis. 

The Superficial Perineal Muscles. 

On each side 3 muscles lie in the super- 
ficial perineal pouch. They are the 
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Fig. 312 . 'l'h(.‘ penis on croHs .’section, it^’ covorinjijs :ui(l its vessels 


ral and inguinal cajials ti/ thr extianal 
iliac glands. The erectile tis.sur is, Hiere- 
fore, supplied by 3 paired arteiits: the 
artery to the bulb, the artery t.o the crus 
(deep artery), and lln* dorsal artery 
The last named artery sends taieircling 
twigs to assist Ihe former 2 arteries. Its 
vaso-motor nerves are derived from Hu‘ 
pelvic splanchnics (p. 367 and jig. jS). 

The coverings of the penis (skin and 
fasciae) are supplied by the dorsal aa. of 
the penis and by the external pudendal 
branches of the femoral a. "idiey are 
drained ' by superficial dorsal vein, 
which begins in the prepuce where it 
anastomoses with branches of the deep 


slender Transveraua Perinei Huperjicialis, 
which lies at the base of the pouch and 
extends from tlie ischial tuberosity to the 
perinea] liody; Hit' Lsrliuhcavcrnosys, 
which is applied lo Hie crus; and the 
Pulho'spongio.sms, a bilateral structure, 
which arises from the pt'rineal body and 
a median rapli6 btduw the corpus spongio- 
sum. The most posterior fibers of the 
Bulbo-spongiosus pass to the perineal 
inemliranc ; the intermediate fibers of the 
two sides meet on the dorsum of the 
corpus spongiosum; and the most an- 
terior fibers meet on the dorsum of the 
penis, where they blend with the fascia 
penis. The Bulbo-spongiosus is a sphinc- 
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ter which empties the bulb tind the hinder 
part of the spongy urethr'-i. 

When the 3 muscles are gently sepa- 
rated from each other, a triangular area of 
perineal membrane is brought into view. 

The Deep Perineal Pouch is the space 
enclosed by the upper and lower fasciae 


diaphragm, and its long duct travels in 
the wall of tlie urethra for an inch before 
opening into tlie spongy urethra (figs, 
31(f 324), and (4) vessels and nerves to 
be described now. 

The Internal Pudendal Vessels and 
Nerve. The artery, which is a branch 




Fio. 313. Left: Superficiiil dissection of the male perineum. (By Dr. H. C. Hair.) Right: 
Exposure of the prostate gland; dissection of the anal canal. (By Dr. V. P. Collins.) I.H. 
■< inferior hacmorrhoidal ii.; P.N. = perineal n.; P.Sc. » posterior scrotal n.; P. cut ■■ 
perineal branch of posterior cutaneous n. of thigh. 


of the urogemtal diaphragm. Within it 
lie (1) the deep perineal muscles which 
form the diaphragm, viz., ''rransversus 
Perinei Profundus and SjDhinctcr Ure- 
thrae, (2) the membranous urethra which 
tfaiisverses it, (3) two small glands, the 
hulbo-ureihral glands of Uowper. Each 
gland, the size, of a pea, lies deep to the 


of the internal iliac artery, and the nerve, 
which arises from sacral segments 2, 3, and 
4, together leave the pelvis through the 
greater sciatic foramen to enter the 
gluteal region (fig. 31{), This they leave 
immediately by crossing the ischial spine 
and passing through the lesser sciatic 
foramen to enter the pudendal canal. 
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Thus do th(*y :iinv(5 in the permeiim. 
They hav(^ 3 territories to supply (J ) 
the anal tiianji:l(*, (2) the urogenital tri- 
angle and M iolum, (labium majus in tin* 
fc'male), and (3) the dorsum penis (rlor- 
^uin elitoridis in the female). 

riie art(‘iy and nerve travel togetlK^i*, 
blit, whereas the artery divides far for- 
wards into 2 terminal branches, the nerve 
ends far back by dividing into 3 terminal 
branches. This complicates sornewha t 


tenial Sphincter Ani'and the skin about 
the anus. 

(2) The perineal nerve ^ also a mixed 
nerve, runs below the artery through the 
pudendal canal to the base of the perineal 
membrane whc'rc its two cutaneous 
brandies, the posterior scrotal nerves, en- 
ter the superficial perineal pouch, supply 
it, and continue forwards to the scrcJtum ; 
while its motor branch, the deep perineal 
nerve, (mtfTh the de(‘p perineal pouch 


, 1 . 2 . 3 . 5 . 



Fig, 31 1 . The course of the pudendal nerve: Its three divisions and fivt' torritoru's. 


the nomenclature and makes description 
cumbersome; figures 315 and 314 are 
explanatory. Jg'ollow' the nerve first . 

The (Internal) Pudendal Nerve 
divides far back in the pudendal caLal 
into 3 terminal divisions for the supply 
of the 3 terii tones. 

(1) The inferior hemorrhoidal nerve is a 
mixed nerve whose branches become 
more and^iore superficial as they are 
traced forwards and medially, through 
the ischio-rectaJ fossa, to supplj’^ the h]x- 


frorn which it innervates the different 
parts of tlu* diaphragm and the 3 super- 
ficial muscles, and sends twigs to the 
Kxternal Sphincter Ani and to the Leva- 
tor Ani. 

(3) The dorsal nerve of the fUnis is a 
sensory nerve that follows the dorsal ar- 
tery through the pudendal canal, through 
the deep perineal pouch, and along the 
dorsum of the penis, where it lies deep 
to thg|j^cia penis. It supplies the glans, 
the prepuce, and the skin of the penis. 
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The Internal Pudlnal Artery trav- 
els through the anal triangle in Alcock’s 
pudendal canal, which extends from the 
lesser sciatic foramen to the deep perineal 
pouch. It then travels through the uro- 
genital triangle in the deep perineal 
pouch, where it lies under shelter of the 
pubic arch deep to the u.g. diaphragm. 
FinaUy, as the dorsal arterij of the penis, it 
l)ierces the perineal membrane half-an- 
inch from tlie sympliysis pubis and con- 
tinues, deep to the fascia of tlie penis, as 
far as the glans in whiohit ends. On Ihe 
dorsum of Ihe penis, it lies, as arteries so 
often do, bef Aveen its companion vein and 
nerve. 

Its named branches aie: (1) The tnfi- 
rior rectal or hemorrhoulal a which sup- 
lies the anal liiangle, (2) The perineal a. 
which at the bc%se of th(‘ perineal mem- 
brane enters tlie superheial perineal 
pouch of Colics, and, after giving oft the 
transverse penneal a. whicli runs along the 
base of the membrane to the central 
point ot th(‘ p(‘rineiim, continues as the 
posterior .scrotal a. with the nerves of the 
same name to anastomose with the ex- 
ternal jnidendal branches of the femoral 
artery (3 ) Tlu artenj to the bulb, which, 
i-^ a large a ('^s(» 1, runs in the deep pouch — 
a third of <in inch Irom the base of the 
membrane to the bulb. (4) The artery 
to the criLs (deep artery of the penis) 
which arises deep to the cius and at once 
enters it 

At first the nerve lies above the artery, 
but on the dorsum of the penis, it lies 
lateral to the artery; and the veins of 
the tw^idcs fuse to form a single, me- 
dian, cOTp dorsal vein, w^hich passes deep 
to the inferior pubic ligament to join the 
prostatic plexus of veins. 

Axiom Vessels that are paired and 
medianly placed in the embryo Qommonly 
fuse to form a single median 
the descending aorta, median s^ml a.. 


basilar a., sagitW venous sinuses, and 
the deep dorsal vein of the penis. 

The Vaso-motor Nerves to the 
cavernous tissue are derived from the 
pelvic splanchnic nerves (nervi erigentes) 
and the hypogastric plexus. They pass 
through the prostatic plexus and below 
the pubic arch to reach the erectile tissue 



Fio 315. (A) The three divisions of the 
pudendal nerve, each for a region (B) The 
three branches of the pudendal artery. A 
necessary difference in terminology: an essen- 
tial similarity in anatomy. N.B., The deriv- 
atives of the cloacal sphincter are: Bulbo- 
spongiosus, Ischio-cavernosus, Supf. Trans. 
Perinei, Deep Trans. Perinei, Sphincter Ure- 
thrae Externus, and the Sph. Ani Externus 

of the corpora cavernosa and corpus 
spongiosum. ^ 

Exposure of Prostate Gland. Do not 
fail to get a glimpse of the prostate (figs. 
3^4, 313). To do so: (1) First, make 
the separation of the anal and u. g. tri- 
angles complete by detaching the Sphinc- 
ter Ani Externus from the perineal body. 
(2) Next, pull the anal canal and rectum 
backwards and define the anterior, free 
borders of the Levatores Ani. In doing 
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SO, work with the* point of the knife very 
strictly in the' meeJian plane because the 
free borders are ])ut a third of an inch 
apart. (3j Then, keeping in mind the 
direct ion of the anal canal, insert the 
handle of the knife between the borders 
of tlie Levatores Ani, and ease the cainll 
backwards. Areolar tissue and involun- 
lary muscle (Reeto-urelhralis), joining 
the rectiAn to the base of the perineal 
membrane, rc(iuire to be snipped tlirough. 
(4) Lastly, proceed witli th(‘ knife^- 


The Female Perineum 

If you have familiarized yourself with 
the details of the male perineum, you 
will not liavc difficulty in appreciating 
the structure of the female perineum. 
The anal triangles are the same in the 
two sexes ; the urogenital triangles differ. 
Perhaps the simplest, way to begiiiMS to 
plunge a knife into the male urethra, 
entering it on th(' under surface just be- 
hind the 'glans penis, and carrying an 
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INCISION EXTENDS FROM CORONA OF GLANS TO UTRICULUS 
Fig. Incision converting male perineum’into female. 


handle to push the struct ujt-s (h'Vi'lopinl 
from (and associated with) the anterior 
or urogenital part of I he cloaca from the 
posterior or rectal i)art, and so expose 
the tough fascia co wring the posli'rior 
surfai^c of the prostate. 

That you are able thus to expose fhe 
posterior surface of the prostate and the 
anterior surfa(;e of the rectum, from the 
skin surface, bloodlessly and without cut- 
ting a nerve, is due to the fact that tlic 
anal and .^rogenital triangles are sup- 
plied by separate branches of the internal 
pudendal vessels and nerves. 


incision right bnek io Ihe prostatic utricle 
and, in so doing, dividing everything 
en(‘ounter('d including the urethra, scro- 
tum, Ihilbo-spoiigiosus, liulb of the penis 
(urethra), and u. g. diaphragm. This 
you may do actually or in imagination 
316 ). By this procedure you con- 
vert the male perineum into a female 
one or you restore it to the female 
condition, for in fetal life the male passed 
through the simpler female state. The 
different structures are common to both 
sexes, but their proportions, of course, 
differ. Thus: The female penis, ^called 
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the clitoris, is diminutive and is not joining .to form a band, the frenulum of 
traversed by the urethra. It comprises the clitoris, which is attached to the 
two corpora caveimosa clitoridis and a under surface of the glans. 
glans clitoridis which caps the conjoint b. The scrotum is split into — right 
corpora {fig. 317). and left labia majora. 
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Fio. 317. Successive dissections (1, 2 , 3 and 4) of the female urogenital triangle. 


The incision suggested above Avould 
bring about the following diangcs and 
produce homologous femalt!(parts*: 

a. The edges of tl^ incised lilpthra 
become — r. and ^gjlmminora. 

Each labium minus is a thin cutaneous 

% 

fold, devoid of fat and lying along 
the orifice of the vagina. The posteimr 
end is free. The anterior end (^divides 
into two lesser folds which unite with 
their fellows across the median plane, the 
upper folds forming a hood, the prepuce 
of the clitoris, over the glans, the lower 


Each labium majus is a broad, rounded, 
cutaneous ridge lying lateral to the la- 
bium minus and covering a long finger- 
like process of fat. , This extends back- 
wards from a median skin-covered mound 
of •fat, the mons pubis (mons Veneris) 
situated in front of the pubis and con- 
tinuous with the fascia of Camper. En- 
tering the fat of the labium from behind 
and running forwards are: the medial and 
lateral labial (cf. scrotal) nerves, arteries, 
and veins, and also the perineal branch of 
the posterior cutaneous nerve of the 
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thigh. Entering it from the front are: 
branches of the ilio-inguinal nerve ami 
external pudeiulul artcTy and vein, and a 
fibrous cord, call(*d th(‘ round ligament of 
the uterus (i.(\, gubernaculum ovarii, 
{fiQ^ 358). 

Sebaceous glands open on to both s'ur- 
faces of the labia minus and majus; hair 
covers the mons and the lateral surface 
of the labium majus. 

c. The superficial perineal fascia and 
pouch into — r. and 1. parts. 

d. The Bulbo-spongiosus into— *r. and 
1. parts (Sphincter Vaginae). 

e. The bulb of the penis into — the r. 
and 1. bulbs of the vestibule. 

Each bulb is a loosely encapsuled mavss 
of erectile tissue, shaped like a half-pear. 
The convex surface is lateral and is cov- 
ered by the Bulbo-spongiosus; the flat or 
concave surface is medial and is applied 
to the perineal membrane which inter- 
venes between it and the wall of the 
vagina; the enlarged (md of the pear is 
posterior; Ihe narrow stalk is anterior 
and, after joining fellow’, ('nds as the 
glajis cliloridis. > 

f. The urogenital diaphragm, its infe- 
rior fascia (perineal membrane), and its 
superior fascia into — right and left parts. 

g. The prostatic utricle comes to open 

on to the skin surface the vagina 

(? uterus). 

The vestibule of the vagina is the cleft 
between the labia minora. The hymen is 
a thin membranous fold of irregular out- 
line that surrounds the vaginal orifice 
like the ruptured membrane of a drum. 

h. The bulbo-urethral glands come to 
open on to the skin surface — the greater 
vestibular glands (Bartholin’s glands). 

Each gland is larger than a pea (it is 
smaller in the aged) and is covered by 
the hinder end of the bulb. Its duct, 2 
cm. long,4^pens into the hinder part of 
the vestibule. 


i. The remaining part of the urethra 
(i,e.. the, part above the utricle) is homol- 
ogous with the entire female urethra. 
In the male this part is long; in the 
female it is IJ inches. The female 
urethra lies immediately in front of the 
anterior wall of the vagina and is inti- 
mately adherent to it. The urethral ori- 
fice opens just in front of the -vaginal 
orifice and is one inch behind the glans. 

j. The muscle fibers of the prostate 
are derived from the muscle fibers of the 
urethra, and the glands of the prostate 
are specialized urethral glands. Though 
a prostate is not found in the female, the 
para-urethral glands of Skene, whose 
ducts open one on each side of the female 
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Fk;. 3KS. ShowiiiR (a) the paired, right and 
left, labio-Kcrotal (genital) folds about to unite 
below the penis to form the scrotum, and (b) 
tlio urethral orifice moved forwards. 


urethra, are probably homologous with 
prostatic glands. 

k. The ejaculatory ducts, which in the 
male open on to the lips of the prostatic 
utrich^ {jig. 341) geiierall}" disappear in 
the female, but, as tlie ducts of (lartner 
(fig- 49. p. 64), they may persist as blind 
tubes on the anterior wall, of the vagina, 
and become cystic; rarely they open on 
to the skin surface, as in the sow. 

l. In the male, the primitive urethral 
orifice opened in the perineum, then when 
the lips of the genital folds met and fused, 
a secondary orifice was formed behind 
the glans penis (fig. 318); subsequently 
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the urethra traversed the glans; so, a 
third and permanent orifice opens at the 
end of the glans. In the female, the 
primary perineal orifice is the permanent 
one. The glans clitoridis is not canal- 
ized. 

m. In the male, the gubcrnaculum testis 
passed to the scrotum, and the processus 


vaginalis peritonei and the testis fol- 
lowed it. In the female, the gubernacu- 
lum ovarii and the processus vaginalis (of 
Nuck) entered the labium majus but, 
owing to a side attachment which the 
gubemaculum makes with the uterus, the 
ovary enters the pelvis ; only rarely does it 
descend into the labium (fig. 358). 



CHAPTER 12 


THE MALE PELVIS 

Fundamental Embryological Consid- 
erations. The viscera cuiilaincd in the 
true j)clvis are either derived from tlie 
cloaca di' are connected with it devclop- 
mcntally. The cloaca is an endoderinai 
lined receptacle into which the gut opens 
posteriorly, and the allantoic duct (the 
urachus of postnatal life) anteriorly. A 
partition of mesoderm, called the cloacal 
or untrcclal svpttint ,107) growing 

down fi'oin above', divide's the' edoaca 
into: ill) an ante'rioi* f)()rtion Ihc' future 
bladder and pari ol I he* ure'llira, and (b) 
a pejste'i'ior {jortion I he' I'utm e inte'sli 
nuin re'cluin anel upper pari ol (he' anal 
canal. In this inte'i'ine'diale* ine'sodernial 
sepUini the urei(*r and e'e'rtain rc'prexluc- 
live organs eh've'loj), nanu'lx 
In the Male: the \asa defc'rentia, the 
seminal vesicles, anel the prostate. 

In the Female: the uleriue tubes, the 
uterus, and the vagina. 

The Pelvis Viewed from Above, l^'rom 
the preceding remarks it will be gatherc'd 
that, on viewing a pelvis from above, one 
seeks the pelvic colon and rectum dor- 
sally, the urachus and blndde'r ventrally, 
and the genital orgairs in tlie plane 
between the two. 

The following peritoneal fossae art' serii : 
on each side of the partly filled reel urn, 
the pararectal fossae; on ('aeh side of tlii' 
partly filled bladder, the pararesical 
fossae; and, between the n'ctum and the 
bladder, the rrctO’Vesicul fossa. 

Folloav the Peritoneum in the 
Median Plane (fig. St9) down the (1) 
anterior aDdominal wall, (2) on to the 
back of the pubia, (3) across the superior 
• , 320 


surface of the empty bladder, (4) down 
its posterior surface for ha)f-an-inch, (5) 
over the upper ends of the seminal vesi- 
cles which arc capped with peritoneum 
on each side of the median plahe, (6) 
across the bottom of the recto-vesical 
fossa, and on to the rectum. Where the 
rectum bounds the recto-vesical fossa it 
is covered with peritoneum in front only; 
a little higher where it bounds (7) the 
pararectal fcjssa it is clothed with peri- 
toneum in front and on the sides; above 



Fic, ;m). The peritoneum of the male pelvis 
in paramedian section (see text and fig. 356). 


llie le\ (‘l of th(‘ 3i’d piece of the sacrum 
(<S) (h(' gul ac(|uii*es n ineseiiiery and the 
name* ivcluiu giv('s place to pelvic*, colon. 

Detac h -jhe Peritoneum frcmi the 
riglit half of the })elvic lu’im and note 
that 4 “visceral tubes^^ adhere to it even 
whem clc^acdied {Jig. 320). Thc'y are (a) 
I he pc'lvic colon and rectum dorsally; (b) 
llu' urac'lius and bladder ventrally; and 
(e) the ureter, and (d) vas deferens 
laterally. 

IMore cutting peritoneum, even 
though mobilized and detached, the sur- 
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f^con makes sure that the ureter in par- 
ticular is safe. 

Raise the Bladder and pull it back 
from the symphysis and thereby open 
up the Retro-pubic Space of Retzius. 
This extensive bursa-like cleft in the 
areolar tissue at the sides and front of the 
bladder allows llie bladder to fill and 
empty without hindrjincc. The space is 
bounded mediaUn by the iiitero-lateral 
surface of the bladder; laicraUy from 
above downwards by pubic boft(% fascia 
clothing the Obturator Intenius, and 
fascia covering the* Levator Ani; brhw 



Fig. 320. Four visceral tubes adhere to the 
peritoneum. (The peritoneum has been de- 
tached from the side wall of the pelvis.) In 
the female .substitute ovarian ves.sels for vas 
deferens. 

!)y the reflexion of this fascia on to the 
bladder {jig. 32i)\ above by the peri- 
toneum passing from the upper surface 
of the bladder to the side wall of the 
pelvis. The two sides of the space arc 
continuous in front, between the sym- 
physis pubis and the anterior border of 
the bladder. . With the exploring finger 
observe that the space is limited pos- 
teriorly by a broad areolar fold enclosing 
a leash of vessels that pass from the in- 
ternal iliac artery and vein to the pos- 
terior-lateral border of the bladder {fig. 
350). With the finger-tip placed on the 
fascial floor of the space, feel two taut 


cord-like thickenings, one on each side of 
the median plane, that attach the neck 
of the bladder to the knver end of the 
symphysis; these arc the pubo-vesical or 
pubo-prostaiic ligaments {jig. 325). 

The Sujii’KUiTONEAL Ureter and the 
S wnPEUiTONEAL Vas Deferens. Be- 
fore following those, glance again at fig- 
ure 283 and recall that during the mi- 
gration of the kidney upward.^ and of 
the testis downwards, the testis crossed 
in front of the ureter and drew the testicu- 
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Fig. 321. The side wall of the* male pelvis 
on coronal section (diagrammatic). 


lar vessels and the vas deferens after it. 
The testicular vessels cross in front of 
the ureter ip the abdomen ; the vas 
deferens crosses in front of the ureter in 
the pelvis — close to where it enters 
th« bladder. 

Follow the right ureter from the point 
at which it crosses the external iliac ar- 
tery, just in front of the bifurcation of 
the common iliac artery, to the lateral 
angle of the bladder where its last inch 
is enveloped in the leash of vessels iust 
mentioned, and is crossed by thecas 












322 


A METHOD OF ANATOMY 


deferens. Tracer the right van deferens 
from the deep inguinal ring, where it 
turns round the inferior epigastric vessels, 
to the lateral angle of the bladder where 
it cross(\s anterior to the ureter. 

Tuk Organs that Developkd in the 
i^RiMiTivE Urouectal Septum may rrow 
he exposed, provided the bladder is con- 
tracted and firm. These are the seminal 
vesicles .which are situated latemlly and 
the vasa deferentia which lie; between 
the vesicles and proje(;t upwards from the 
prostate within a fascial fold, the recto- 
vesical fascia ^i(j. 32i~)). Thus, pull the 
bladder forwaiYls and thereby obtain 
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Fig. 822. The structures on the .side wall of 
the male pelvis. Note the medial positions of 
the ureter and vas. 


room to incise the peritom.'uia trans- 
versely at the base of the l)ladder; then 
with the rounded handle of the knife, ease 
the enveloping fold backwards off the 
bladder, and then forwards off the rec- 
tum. This is easily done by blunt dis- 
section without damaging the investing 
fascia. 

The Side Wall of the Pelvis. The 

false or grecUer pelvis comprises the iliac 
fossae and the alac of the sacrum {fig. 
3S8) clothed ^v^th Iliacus and Psoas 
which in^urn are covered with fascia 
ilutca (fig: 821). No muscle crosses the 
pelvic brim — this is fortunate, for so 


placed it would offer obstruction to 
childbirth — lienee, the fascia iliaca is free 
lo gain attachment to the brim. The 
common and external iliac arteries and 
veins lie in the extraperitoneal tissue first 
medial to the Psoas, and then in front of 
it, its fascia intervening. The internal 
iliac artery (liypogastrit; a.) crosses the 
pelvic brim. As it does so, it crosses 
medial to the external iliac vein and is 
accompanied by its own vein behind, and 
by the ilreter in front (fig. 322). 



Fig. 823. The side wall of the lesser pelvis 
divided into upper and lower (anterior and pos- 
terior) parts by the obturator nerve. 


The side wall of the (rue or lesser pelvis 
is now to he examined on the right. For 
this, forceps may be recpiired, but no 
dissection is necessary. 

The peritoneum with the adhering ure- 
ter and vas deferens has already been de- 
tached from the brim and drawm medially, 
and the retropubic space of Retzius has 
been explored. 

The side wall may be divided into two 
parts : the part above the obturator 
nerve and the part below it (fig. 330). 
Above the nerve, the wall is formed by 
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bare pubic bone ; below it, by the obturator 
Internus and its fascia. 

What is the line of the nerve? The 
obturator nerve arises from the anterior 
rami of L. 2, 3 and 4, and takes a straight 
course to the obturator foramen through 
which it passes into the thigh. In its 
course it crosses, but does not touch, the 
ala of the sacrum, pierces the. psoas fascia 
at the medial border of the Psoas, crosses 
the pelvic brim lateral to the bifurcation 
of the common iliac vessels, and runs on 
the pubic bone to the upper end of the 
obturator h^ramcn. The Obturator In- 
ternus, covered witli its fascia, rises poste- 
riorly to the pelvic brim, but falls ante- 
riorly below the upper part of the 
obturator foramen leaving the pubic bone 
exposed and allowing the obturator 
nerve, artery, and vein to escape from 
the pelvis via the foramen without pierc- 
ing muscle or fascia. The obturator 
nerve springs from the lumbar plexus and, 
so, is above the obturator artery and vein 
which springs from the internal iliac 
vessels; and, according to rule, the 
artery occupies the intermediate position; 
i.e., from above downwards the order is: 
nerve — artery — vein . 

The Levator Ani, which forms part of 
the pelvic floor or diaphragm, is seen 
arising from the inner surface of the 
body of the pubis, from the inner surface 
of the ischial spine, and, between these 
two points, from the obturator fascia, 
which is commonly thickened to form a 
lendinoics arch of origin. 

From above downwards, then, the side 
wall is formed*by the Psoas and its fascia, 
the pelvic brim, bare pubic bone (ante- 
riorly), Obturator Internus and its fascia. 

As your finger is passed downwards 
into the true pelvis, the structures en- 
countered on the side wall are succes- 
sively: the external iliac artery, the ex- 
ternal iliac vein, the obturator nerve, 


artery, and vein, all of which are somatic 
structures going to the lower limb. 
These are succeeded by the Ijcvator Ani 
which forms part of the floor (fig. 350). 
[Being above the pelvic brim, the Psoas, 
its fascia, and the external iliac vessels, 
in* a strict sense, belong to the false 
pelvis.] The ureter and the vas de- 
ferens, being cxtrapcritoiieal viscera, 
descend on tlic medial side of fix' struc- 
tures enumerated. 

Running forwards from the internal 
iliac artery to the umbilicus is the allan- 
toic — placental — umbilical^or obliter- 
ated hypogastric artery, whichever you 
prefer to call it.^ It is a visceral vessel 
which primitively supplied the allantoic 
end of the cloaca and the allantois ; so, you 
will appreciate why it tends to adhere to 
the side of the bladder and to supply it 
with superior vesical branches. Beyond 
these branches it is obliterated. 

The Pelvic Fascia (fig. 325). Just as 
all articles thrown into a basin of water 
become wet all over, so all the contents 
of the pelvis, wlietlier they be muscles, 
viscera, or viissels, are covered all over 
with areolar tissue — in fact, with the 
areolar ^csoderinal tissue that in em- 
bryonic life filled the pelvic basin. This 
is ^perhaps not more true of the fascia 
of the pelvis than of the fascia of the 
abdomen or thorax; but the pelvic fascia 
attracts more attention. The covering 
given by this areolar t, issue to organs that 
expand and contract, notably the rec- 
tum and bladder, is necessarily loose: 
that given to organs that do not expand 
ma^^ be dense, as in the case of the pro- 
static fascia, or loose as in the case of 
the fascia covering the seminal vesicles 
and vasa deferentia. Its texture de- 
pends upon the strains put upon it. 
Naturally, the fascia takes the shape of 
the surface it covers, forming a sheet 
where it covers a flat muscle or organ, 
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forminj^ ii liilx' it eiivrlups u liibu- 

lar stniclun*, and blrncling with the 
perioHt(Miiii \\ Ji('n‘ j( covers exposed bone. 

From th(‘ nature of its origin you will 
readily undci'stand tliat though the 
different parts of the fascia are referred 
to as layere, they are not independent 
like sheets of paper, but arc parts of a 
single whole, like the septa of a sponge. 


ticular coverings these viscera receive are 
called the vesicaly rectaly and recto-vesical 
layers respectively of the pelvic fascia. 

You should certainly establish the 
following points: 

1. Just as the iliac bone together with 
the fascia iliaea forms a strong osseo- 
fascial pocket for the Ilio-psoas, so do 
the ischial and pubic bones togetheft* with 
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Fig. 321. a coronal scctiun of the pelvis to show the genito-urinary organs from behind. 


Subdivisions of ihk Pelvic Fascia. 
This fascia may be divided into parietal, 
diaphragm atiCy and viscei’al layers : (a) The 
parietal layer covers the Obtui*ator Iii- 
ternus at the side and the Piriformii^ at 
the back; (b) the diaphragmatic layer 
covers the upper surface of the pelvic 
^diaphragm (or floor) formed by the Leva- 
tor Ani and Coccygeus; and (c) the vis- 
ceral lay^ covers the bladder, the rec- 
tum, and the genital organs in between 
the bladder and the rectum ; and the par- 


the obturator fascia form an osseo-fascial 
pocket for the Obturator Internus. {fig. 
im, JSO). 

2. Ill the perineum the pelvic fascia 
has already been observed to give a com- 
plete lining to the ischio-rectal fossa; the 
lining being stronger laterally over the 
Obturator Internus than medially over 
the Levator Ani and Sphincter Ani 
Extemus. It has also been seen to form 
‘‘the superior and inferior fasciae of 
the urogenital diaphragm'*, which are 
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continuous with each other at the apex 
and base of the diaphragm. 

3. The floor of the retro-pubic space of 
Retzius is lined with a broad sheet of 
fascia which is continuous at the neck 



Fto 325. Tlitj pelvic fascia of the male in 
median sagittal section. 


internal genital organs (within the recto- 
vesical fascia) to the internal iliac vessels. 

6. Be satisfied that four layers of 
fascia separate the bladder from the 
rectum. They are the layer clothing the 
base of the bladder; the layer clothing 
tho front of the rectum; and two other 
layers of which one clothes the vasa 
deferentia and seminal vesicles in front, 
the other clothes them behind {fjg, 325), 

7. The dense fascia clothing the back 
of the prostate was partially investigated 
from the perineum. Note now that a 
finger, or the handle of a knife, passed 
downwards between the rectum and the 
genital organs enters the perineum. 
That it should be possible for it to do so 
will be appreciated when it is understood 
that in foetal life the recto-vesical pouch 
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of the bladder with the vesical fascia. 
The portion of this sheet lliat pas.'^es 
forwards to the pubis has developed in it 
two bands, the pubo-vesical or piibo- 
proslatic ligaments, which help to anchor 
the bladder and prostate and can easily 
be felt. The portion that spreads lat- 
erally covers the Levator Ani and blends 
with the obturator fascia and with the 
periosteum of the pubis. 

4. Pass the handle of the knife through 
the roof of the ischio-rectal fossa into the 
retro-pubic space of Retzius and note 
how thin the partition is {figs, 309, 321), 

5. Pull the bladder to the left and 
note that, at the posterior limit of the 
retro-pubic space, the fascia invests the 
numerous veins and few arteries that are 
passing from the base of the bladder and 


of peritoneum extOlKded downwards be- 
tween the rectum a^ the prostate. It 
became obliterated, But it can be opened 
up again {fig, 253), 

8. Pass two fingers downwards behind 
the rectum and ease it forwards off the 
front of the sacrum and coccyx. The 
fingers occupy a little pouch bounded on 
each side by an areolar fold that contains 
the pelvic splanchnic nerve (nervus 
erigens, S. 2, 3, 4) and conducts them 
fro^ the 2nd, 3rd, and 4th anterior sacral 
foramina to the side of the rectum. 

9. The blood vessels of the pelvis are 
branches of the internal iliac vessels, so, 
they lie inside (on the peritoneal aspect* 
of) the pelvic fascia and require to pierce 
the fascia in order to escape from the 
pelvis. The nerves, on the other hand. 
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emerge from the anterior sacral foramina 
and, so, are outside the fascia. The 
obturator nerve and the lumbo-sacral 
trunk, however, pierce the psoas fascia 
above the pelvic brim, cross the bnm, 
and come to lie inside the fascial lining 
of the pelvis. , 

The Interior of the Bony Pelvis. Pel- 
\'is is Latin for a basin. The pelvis is 
formed by — the right and left hip bones, 
the sacrum, and the coccyx. The twx) 
hip bones articulate with each other in 
front at the symphysis pubis; behind they 
articulate with the first three sacral 
vertebrae at the sacro-iliac joints. The 
right and left hip bones constitute the 
pelvic girdle. 

Kacli hip hone has three fundam(‘nlal 
parts iliuniy ischnmiy and pubis. Of 
these, the ilium and ischium have lioniol- 
ogous parts in the pectoral girdle, 'ilic 
pubis, howTvor, is not repr(*s(‘nted in the 
pectoral girdle, neither is the clavicle 
represented in the pelvic girdle, but they 
liave analagous functions to perform 
(Jig. ^^33). The pectoral girdle is free 
and mobile, wluueas the pelvic girdle is 
built for stability and is united to the 
vertebral column. 

The Os Sacrum is composed of 5 fused 
vertebrae, and os coccygis of 3-5, 
though before birth it has 7 11 (‘artila- 
ginous caudal rudiments. Both sacrum 
and coccyx are triangular wdth base 
above and apex below^ (fig. 326). 

The Base of the Sacrum, in reality 
the upper surface of the first sacral vcrtC' 
bra, is divided into three parts — a median 
and two lateral. The median part is the 
oval upper surface of the body of the first 
sacral vertebra. Its anterior border is an 
important landmark named the promon- 
tory of the sacrum.* Behind its posterior 
border is^situated the somewhat com- 
pressed tMngular entrance to the sacral 
canalt This is guarded by prominent 


superior articular* processesi extremely 
short pedicles, well developed laminae, 
and a much reduced spinous process. 
The right and left lateral parts, called 
the aloe, are fan-shaped and represent 
fused costal and transverse elements 
(jig. 28). 

Each ala is cro.s.sod by the constituents 
of the lumbo-sacral trunk, the ilio-lumbar 
artery, the obturator nerve, and the 
Psoas. Of those nerves, the fifth lumbar 
anterior .ramus is so taut that it grooves 



llie surface and anterior border of the ala ; 
the brancli of the fourth lumbar nerve is 
closely applied to the anterior border; 
Avhereas the obturator nerve is above, 
but not in contact with, the ala. 

The Concave Anterior Surface of 
the sacrum is crossed by four rough ridges 
at the sites where fusion took place be- 
tween the bodiej^f the five sacral verte- 
brae before the 2lst j'^ear. Lateral to the 
four ridged, on each side, are the four 
anterior sacral foramina. Their margins 
are smooth and rounded laterally, because 
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the emerging anterior rami of the upper 
four sacral nerves pass laterally; but 
medially they are well defined and sharp. 
Though the sacrum as a whole tapers 
from above downwards, the width of the 
bodies does not diminish appreciably, so 
the foramina of the tw-^o sides do not be- 
come appreciably closer to each other. 
The mass of bone lateral to the foramina 
is callecl the lateral mass (pars lateralis). 
It is deeply grooved by the upper four 
anterior nerve rami. 


S.ARTIC PROCESS 



Fig. 327. The lateral aspect of sacrum and 
coccyx. 

The Sides of the upper three pieces of 
the sacrum form a large auricular or ear- 
shaped facet which articulates with a cor- 
responding auricular facet on the ilium 
{fig. S27)] the sides of the lower two 
pieces, as well as the sides of the coccyx, 
are thin for the sacro-tuberous and sacro- 
spinous ligaments {fig. 335). 

The Apex of the satf gum is the lower 
articular surface of t^pth body, com- 
pressed antero-posteriorlj' to articulate 
with the body of the first piece of the 
cocc3rx. 

. The First Piece of the Coccyx pos- 


a pair of transverse processes each 
of which is joined by a ligament to the 
lowest “transverse process^ of the sacrum 
(intjBro-lateral angle) thereby making a 
foramen through which the anterior 
ramus of the fifth sacral nerve enters the 
pelvis. The remaining pieces of the 
coccyx are nodular. The 1st piece com- 
monly fuses with the sacrum, which then 
has six pieces; the joint between,, the 1st 
and 2nd pieces of the coccyx then com- 
monl}'^ persists. 

The Pelvic Brim is the lioundary line 
between the greater or false pelvis above 



Fig. 328. The false pelvis and the pelvic 
brim. 

and the lesser or true pelvis below, and at 
the same time it is the boundary line 
between the abdomen proper and “the 
pelvis^ \ Its component parts are: the 
promontory of the sacrum, the anterior 
border of the ala of the sacrum, the ilio- 
pectineal line [which extends from the ala 
to the pubic tubercle], the pubic crest, 
and the upper end of the symphysis pubis 
{fig. 328). The alar portion of the brim 
is weight-transmitting and therefore 
thick; the lumbo-saefal trunk and the 
ilio-lumbar artery curve over it, but no 
fascia is attached to it; so, it is rounded. 
The posterior half of the ilio-pectineal 
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The oval obturator forameif separates 
the pubis in front and ^bove from the 
ischium behind and below. The margin 
of the foramen forms a spiral which ex- 
tends from the ilio-piibic eminence inside 
the pelvis to the pubic tubercle outside. 
The ends, then, do not meet, but bound 
the obturator <jroorr on the under surface 
of the superior ramus of the pubis. 
Through this groove the obturator vessels 
and nerve escape from the pelvis. The 
ischium is thin and translucent imme- 
diately above the obturator foramen be- 
cause here it forms the bottom of the 
non-articular part of the acetabulum. 

Observation. A multiplicity of triangu- 
gular or fan -shaped areas enter into the 
composition of the false and true pelves: 
the sacrum, the entrance io the sacral 
canal, the alae of Uic sacrum, the coccyx; 
the iliac fossae; the side wall of the true 
pelvis, the part of the ilium that crosses 
the pelvic brim, the bare part of the pubis 
above the line of the obturator nerve, 
the pubic arch, and the ischial spine. 

The Fo!?amina in the Walls of the 
True Pelvis. The posterior wall of the 
true pelvis is perforated by the 4 anterior 
sacral foramina. A probe entering one 
of these will emerge through the corres- 
ponding, much smaller posterior sacral 
foramen on to the dorsum of the sacrum. 
Two ligaments, namely, the sacro-tuberous 
and sacro-spinousy so unite the posterior 
wall to the side wall as to leave two gaps, 
the greater and lesser sciatic foramina 
figs. S35, S38). The large, oval obturator 
foramen lies near the front of the side 
wall between the pubis and the ischium. 
It is closed by the obturator membrane 
except above where a gap, through which 
the little finger can be passed, transmits 
the obturator nerve and vessels, and may 
be the site of a hernia. 

The Muscles and Fascia Lining 
THE Walls of the True Pelvis. The 


Obturator InUrnus arises by fleshy fibers 
from almost the entire inner surface of 
the side wall of the true pelvis below the 
line of the obturator nerve (fig. 830); 
that is to say, it does not encroach upon 
the body and superior ramus of the pubis, 
but leaves them bare and free to afford 
part origin to the Levator Ani. The 
Obturator Internus leaves the pelvis 
through the lesser sciatic foram)f^n. 



Falciform, edlqc of 
3acro-tu.berous liq. 

Fig. .‘130. The Obturator Intornus Fascia 

The Piriformis arises by fleshy fibers 
from the 3 bars of bone that separate the 4 
anterior sacral foramina and from the lat- 
eral mass. It leaves the pelvis through 
the greater sciatic foramen. 

fhe obturator fascia is thin above and 
thicker below ; and with the side w^all of 
the pelvis it forms an osseo-fibrous pocket 
for the Obturator Internus, ccmparable 
with the osseo-fibrous pocket for the Ilio- 
psoas. It is attached to the hip bone 
around the margin of its muscle; that is, 
to the border of the greater sciatic notch , 
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to the iliac part of the ilio-pectineal line, 
aloiiR th(' line of the obturator nerve, 
to the pul)i(* arch, and to the ischial tu- 
l)orosity lliron^h the medium of the falci- 
form edji:(‘ of t[i(' sacTo-tuberous liji^ament ; 
but of course it is not attached to the 
hordc'r of the lesser sciatic notqh, this 
Ix'iiig tli(‘ site of th(‘ mouth of the 'pocket 
through which the muscle escapes from 
lh(' pelvis. Its lower part is tunnelhsl by 
the; pudendal canal. 

The fascia covering the Piriformis is 
areolar and weak. 

The Pelvic Diaphragm. The Levator 
Ani and Coccygeus of opposite sides 
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Pubo-coccygeus, the Ilio-coccygeus, and 
the Ischio-coccygeus, which in tailed 
mammals act upon the tail (fig, 331), In 
man, whose carriage is erect and whose tail 
is reduced to a coccyx, the muscles are 
modified: 


1 


The civic Diaphragm 

Pubo-coccyg«usl _ 

I Iin_o^-\r»r»xrrr/Mia I ■ 


2. Ilio-coccygeus 

3. Ischio-coccygeus = Coccygeus 
The Ischio-coccygeus or Coccygeus 

stretches like a fan from the ischial spine 
to the^ijpides of the free segments of the 
sacrum (i.e., 4th and 5th) and to the 
coccyx. In the dog the Coccygeus wags 
the tail ; in man it is largely transformed 
into the sacro-spinous ligament. Some 



F[(}. XU. Tlie polvic* diaphraKni <^>f IIh* 
rnonk<}v (After Keith.) 

stretch across the pelvis and f(jrm for it a 
concave floor that separates it from the 
perineum. This dia[)hragm, like the al> 
domino thoracic diaphragm, is composed 
of voluntary muscle and is perforated by 
several canals — the urethra and the rec- 
tum and, in the female, by the vagina also. 

The pelvic diaphragm arises in front 
from the body of the pubis, behind from 
the spine of the ischium, and between 
these two points from iu\ arched thicken- 
ing of the obturator fascia, called the 
tendinous ^ch (arcuate line). 

Phylogenetically, the diaphragm con- 
sists , of 3 separate caudal muscles — the 


fleshy libel’s, however, persist on the 
pelvic surface of the ligament, and they 
may form a complete fleshy sheet c,o- 
(‘xtensive with the ligament. 

The Ilio-cocctjgeus, form('rly attached 
to the pelvic brim, has -as it were -atro- 
phied above, become fibrous, and blended 
with the periosteum and with the ob- 
turator fascia above the level of the 
tendinous arch (Jig. 350). It is inserted 
into the coccyx and into the ano-coccy- 
geal raphe that stretches from anus to 
coccyx. 

The Pubo-coccygeus, which is the thick- 
est and most important part of the dia- 
phr.agni, runs downwards and backwards 
from the pubis and meets its fellow (a) 
in the perineal body in front of the anus 
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and (b) in the aiio-coccygeal raphe be- 
hind the anus; between the two (c) it is 
carried down by the rectum and anal 
canal, wliich perforate it and with Avhich 
it blends. On the deep or pelvic surface 
of the muscle many fibers pass from pubis 
to coccyx ; others meet those of the oppo- 
site side in the angle l)ctwccn the rectum 
and anal canal and so form a U-shaped 
sling that maintains this angle SS2). 
The different parts of the diaphragm, 
though overlapping somewhat, bkaid to 
form a single sheet. ^ 

The Coccygeus and the sacro^pinous 
ligament have a free posterior border. 
The Levator Ani has a free anterior border 
which is separated from its fellow by a 
third of an inch. Between the anterior 
borders the jirostate can be exposed from 
the perineum (p. ^15). The urethra and, 
in the female,- ihv. vagina pass between 
the anterior bordei-s. 

Actions. The pelvic diaphragm sup- 
ports the pelvic viscera. Figures 319, 
324, and 355 demonstrate that the in- 
tegrity of the pelvic floor depends espe- 
cially on the Pubo-coccygeus, including 
the pubo-rectal sling, since these hold 
forwards the lower part of the rectum, 
which in turn helps to support the bladder 
and seminal vesicles in the male, and the 
bladder and vagina in the female. The 
pubo-rectal sling keeps the ano-rectal 
angle closed, but during defaecation it 
relaxes and allows the ano-rectal junction 
to straighten, while other fibers draw the 
anal canal over the faeces that are being 
expelled'. The anterior fibers of the mus- 
cle support the prostate in the male and, 
which is more important, the vagina in 
the female. 

Nerve Supply. Branches from S. 
(2), 3, and 4 supply the muscle on its 
pelvic ^surface; twigs of the inferior 
haemorrhoidal n. (S. 2, 3, and 4) supply it 
on its perineal surface: 


Orientation of the Pelvis. In the 
''neutrar' position of the pelvis the an- 
terior superior iliac spines and the top 
of the symphysis are in a vertical plane. 
This is readily found by applying the 
pelvis to a wall or a window. The acetab- 
ular notch then looks downwards and 
very slightly forwards; the ischial spine 
is a little above the level of the top of the 
symphysis pubis, and the tip of the 
coccyx is a little below it. In the male 
the a. s. spines fail by about half-an-inch 
to reach the vertical; so, the coccyx is 
behind the upper half of the symphysis. 
In the female the a. s. spines overstep the 
vertical by about half-an-inch; so, the 
coccyx is on a level with the top of the 
symphysis. In compensation for the 
forward tilting of the pelvis in the female, 
the lumbar curvature of the spine is in- 
creased and the erect i)osture thereby 
maintained. Hence, the lower part of the 
back, which is nearly flat in the male, is 
markedly concave in the female; the 
.buttocks are more prominent than in the 
male; so is the lower part of the abdomen; 
and the ilio-femoral ligaments arc shorter. 

The Lumbo-sacral Articulation. The 
joint between the 5th lumbar vertebra 
and the sacrum is an intervertebral joint 
possessing two peculiar ligaments on each 
side: (a) the ilio-lumbar ligament and 
(b) the lateral lumbo-sacral hgament. 

The Ilio-lumbar Ligament is the greatly 
thickened lower part of the fascia covering 
the Quadratus Lumborum; the lateral 
arcuate ligament (lat. lumbo-costal arch, 
p,i301) being the slightly thickened upper 
part of this fascia. On each side, this 
strong ligament stretches from the ti^ 
of the 5th lumbar transverse process to 
the iliac crest in front of the attachment 
of the Quadratus. The ilio-lumbar liga- 
ments limit rotation of the 5th vertebra 
on the sacrum and they assist the articu- 



332 


A METHOD OF ANATOMY 


lar processes in preventing forward gliding 
of the 6tli vertebra on the sacrum. 

The 4th lumbar vertebra lies at the 
level of the highest parts of the iliac 
crests; the 5th vertebra lies below this 
level and, so, it alone is in a position to 
be suspended from the crests. The large 
size, the upward tilt, and the conical 
shape of the 5th lumbar transveise pro* 
cesses are dependent on this fact — note 
(hat the bases of the processes spread 
forwards from the pedicles (roots) of this 
vertebra on to the body. 



compressive forces, iiroken litios » Ihesitting 
arch and its tie beam or counter arch which 
resists spreading forces. (After iiraus.) 

The Lateral Ijumbo ^acfUft Lujament is a 
modified inter-transveise ligament. It 
spreads, as a sheet, downwards and 
laterally from the 5th lumbar transverse 
process to the ala of the sacrum. It has 
a sharp medial edge which abuts against 
the anterior ramus of the 5th lumbar 
nerve. 

The typical ligaments of this joint are 
as follows : 

The intervertebral disc is much thicker 
than othei> intervertebral discs; so, more 
movement^ permitted here than between 
other vertebral bodies. The bodies are 


narrower from front to back than from 
side to side; so, flexion and extension 
should be greater than side to side bend- 
ing, provided the articular . processes 
permit, • and they do. The disc is so 
much deeper in front than behind that 
it contributes to the lumbar curve and, 
therefore, to the erect posture. The 
anterior and posterior longitudinal liga- 
ments descend to the first piece of the 
sacrum. The laminae are united by 
ligamenta (lava; the spinous processes by 
supra- and inter-spinous ligaments; the 
articular processes b}^ loose capsules. 

The Mechanism of the Pelvis {jig, 
333). Tlie weight of the body super- 



imposed on the 5tJi lumbar vertebra is 
transferred to the base of the sacrum, 
(hence to the upper three pieces of the 
sacrum, across the sacro-iliac joints to 
the ilia, and thence (a) when standing 
up- to the ace tabula and so to the 
femora, or (b) when sitting down— to 
the ischial tuberosities. .Along these 
lines the bony parts are thickened. In 
the standing posture, the acetabula and 
the side walls of the pelvis tend to be 
forced together, but the pubic bones, 
acting as struts, prevent this from hap- 
pening. In cases of softening of the 
bones (osteomalacia) the side walls are 
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actually driven in and the pelvis assumes 
a beak-shape (Jig. 334). In the sitting 
posture the ischial tuberosities tend to be 
forced apart — in rickets they actually are. 

Many mammals possess a symphysis 
ischii as well as a symphysis pubis and 
so have a powerful strut. In birds the 
pubic bodes are wide apart and, so, offer 
no obstruction to the laying of eggs. 

The Joints of the Pelvis are (1) the 
sacro-coccygeal, (2) the symph5rsis pubis, 
and (3^ the right and left sacro-iliac 
joints. 

The Sacro-coccygeal Joint is an atypi- 
cal intervertebral joint. The bodies, 
transverse processes, and cornua of the 
last sacral and 1st coccygeal vertebrae 
are united by an intervertebral disc and 
by ligamentous bands. And, a very 
tough membrane^ which is a downward 
prolongation of the supraspinous and 
interspinous ligaments, closes the sacral 
canal posteriorly and extends to the 
posterior surface of the coccyx. 

Attached to each side of the coccyx and 
to each side of the lower two pieces of the 
sacrum (i.e., below the auricular surface) 
are: the Coccygeus, sacrospinous and 
sacrotuberous ligaments, and Gluteus 
Maximus. Movement backwards of the 
coccyx takes place on defecation and on 
parturition. 

The Symphysis Pubis. Here as be- 
tween the bodies of two vertebrae, the 
opposed bony surfaces are coated with 
hyaline cartilage and are united by fibro- 
cartilage. In the fibro-cartilage a cleft 
generally appears. Dense anterior de- 
cussating fibers and a strong inferior 
pubic (arcuate) ligament unite the pubic 
bones. 

Age changes. The surface and margins of 
the pubic symphysis undergo progressive meta- 
morphoses, especially between the 20th and 
40th years, which serve as a criterion of age. 
Todd has divided this into ten phases. Phase 


(1) horizontal ridges and furrows; margins not 
defined (ae 18-19). (2) Furrows filling up 
dorsally ; dorsal margin defined (ae 20-21 ) . (3) 

Bevelling or rarefaction of ventral strip (ae 
22-24). (4) Increased ventral erosion; begin- 
ning formation of lower end (ae 25-26). (5) 

Upper end beginning to form (ae 27-30). (0) 

Increasing definition of ends and formation of 
ventral margin (ae 30-35). (7) Quiescent; 
granular texture becoming finely grained; lip- 
ping at attachment of sacro- tuberous ligament 
and gracilis aponeurosis (ae 35-39). (8) 

Smooth surface; c»)mplete oval outline (ae 
39 44). (9) Uniform dorsal and irregular 

ventraJ lipping (ae 15-50). (10) FJrosion of 

surface and breaking down^of ventral margin 
(ae 50 and ui)wariJs) 

The Sacro-iliac Joint. The bony sur- 
faces concerm^S are: (A) The part of 
the inUrnal surface of (he ilium behind 
the iliac fossa. This part is bounded 
above by the iliac crest, below by the 
greater sciatic noU'^h, and behind by the 
posterior superior and posterior inferior 
iliac spines and the slight notch between 
then] (Jig.' 333). It is subdivided into 2^ 
pa>ts: a lower, the auricular surface; and, 
an upper, the tuberosity. The auricular 
or ear-shaped part articulates with the 
sacrum, is co^’ercd with cartilage, and is 
traversed by a longitudinal sinuous 
ridge. The ilio-pectineal line begins at 
its most anterior part. The tuberosity 
is rough and tubercular for the numerous 
short fibers of the strong interosseous 
8a(;ro-iliac ligament, (B) The sacrum 
pos.sesses the counterpart: thus, on the 
.side of the lateral mass there is an aurio 
ular surface with a sinuous furrow. 
This auricular surface extends on to the 
3ral sacral segment but leaves the lower 
two segments free and attenuated for the 
sacro-spinous and sacro-tuberous liga- 
ments. Behind the auricular surface is 
the sacral tuberosity (fig. 327). 

Structural Requirements. It is 
apparent that the weight transmitted to 
the sacrum by the superimposed part of 
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the vertebral column will tend to cause 
its upper end to rotate forwards and its 
lower end with the coccyx to rotate back- 
wards {fig. 336). Ligaments are so dis- 
posed as to resist this tendency. Fur- 
ther, the articular surfaces of the sacrum 
are farther apart in front than behind; s5, 
the sacrum behaves not as a keystone, 
but as the reverse of a keystone, and 


sacral tuberosities. It lies above and 
l)ehiml the joint. (2) The Short and 
Long Posterior Sacro- iliac Ligaments unite 
the 1st and 2nd, and the 3rd and 4th 
transverse tubercles of the sacrum respec- 
tively to the posterior superior iliac 
spine. (3) The Ilio-lumhar Ligament, 
described witli the lumbo-sacral joint, 
assists in prevt*n1ing forward rotation. 



I 'lG. y.i'y fniK r surface of hip bone. 


tends therefore to sink forwards into the 
pelvis. As it does so, the posterior liga- 
ments become taut and draw the ilia 
closer together with the result that the 
interlocking ridge and furrow engage 
more closely. Here is an automatic lock- 
ing device (fig, SS7), 

The Ligaments Resisting Forward 
Rotation of the Upper End of the 
Sacrum ajre; (1) The Interosseous Sacro- 
iliac Lig(Mient, which is the strongest 
ligament in the body, unites the iliac and 


The Ligaments Resisting Back- 
ward Rotation of the Lower End 
OF THE Sacrum are the sacro-tuberous 
and sacro-spinous ligaments. The one 
passes from the tuberosity of the ischium, 
the other from the spine of the ischium 
to the available parts of tijc side of the 
sacrum and coccyx, that is to the lateral 
border of the sacrum and coccyTc below 
the articular facet. (1) The Sacro-tu- 
herons Ligament, retarded as the divorced 
tendon of the Biceps Cruris, is a broad 
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band that extends from an impression on 
the medial part of the tuber ischii to the 
free part of the side of the sacrum and 
coccyx and to the adjacent part of the 
dorsum (fig, 338), The medial border 
extends as a falciform crest along the 
sharp medial border of the tuber ischii; 



Fig. 330. Ligaments resisting rotation of 
the sacrum. 


Interost>cou.e) 



it is continuous with the obturator 
fascia. The lateral part continues to the 
posterior (inferior and superior) spines of 
the ilium; it affords attachment to the 
Gluteus Maximus. (2) The Sacro-spin- 
ous Ligament is a triangular sheet sand- 
wiched between the sacro-tuberous liga- 


ment and the Coccygeus. Co-extensivo 
with the Coccygeus and regarded as its 
degenerated posterior lamina, it extends 
from the ischial spine to the side of the 
free parts of tlic sacrum and coccyx. 

The sacro-tuberous and the sacro- 
spinous ligaments convert the greater and 
lesser sciatic notches into foramina. They 
are no doubt responsible for the curvature 
of sacrum, which is a characteristic of 
man, wlio alone walks erect. 

The anterior part of the joint cavity 
is closed by a strong fibrous capsule 
called the anterior sacfo-iliac ligament. 

Movements. In a fresh specimen it 
is easily demonstrated (1) that the sacrum 
can rotate backwards and forwards be- 
tween the hip bones; and, after division 
of the disc and ligaments of the symphy- 
sis pubis, (2) that the pubic bones easily 
spread half-an-inch and (3) allow the hip 
bones to rock fairly freely on the sacrum. 

During pregnancy the ligaments of the 
pelvis arc relaxed and rotation is more 
free. 

Antekioh Delations. In the true 
pelvis, the liimbo-sacral trunk, the supe- 
rior gluteal a., and the 1st sacral nerve 
are hi contact with the capsule. In 
the false pelvis, the Tliacus and Psoas are 
in contact, and the obturator n. is a 
(luarter of an inch removed (fig. 326 ) . 

Surface Anatomy. The ilium articu- 
lates with the first three sacral vertebrae; 
and, naturally, the centre of the articula- 
tion is at the level of the 2nd. This is 
not readily identified, but the posterior 
superior iliac spine, which lies at the level 
of* the 2nd sacral vertebra is readily 
palpated. The joint lies lateral to this 
(pp. 393-'39Jf and fig. 394). 

Development and Variations. The 
sacro-iliac joint and the symphysis pubis 
do not develop, like other joints, as clefts 
in a continuous rod of condensed mesen- 
chyme but by the coming into apposition 
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of the ilium and sacrum posteriorly and 
of the pubic bones of opposite sides an- 
teriorly. The auricular surface of the 
sacrum is usually covered with hyaline 
cartilage, that of the ilium with fibro- 
cartilagc, and between them there is a 
joint cavity which is present before birth 
(Schunke). 

Accesi^orij articular faccLs, I to 2 cm. 
in diamelcr, arc commonly found be- 
tween the opposed tuberosities of the 
sacrum and ilium. 


urinary bladder and the urethra con- 
stitute the unpaired, median parts of the 
system. They will be studied now, and 
with them the pelvic portions of the 
ureters will be considered more fully. 

The Urinary Bladder. The empty and 
contracted urinary bladder, shaped not 
unlike the forepart of a ship, has four 
surfaces and four angles {fig. S39)' To 
each of the four angles a duct is attached: 
the unirliKs to the anterior angle or apex, 
the ng/if nud hff ureters to the postero- 
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l''iG 3:i.S The pelvis an»l the liji.T meats of the pelvis (posterior view). 


Synostosis, involving tlu- ^interior part 
of the capsule (anterior sacro- iliac lig. ) 
occurs with some freciueiicy ;ifter middle 
life, particularly in males. 

The scapula does not articulate with 
the vertebral column; hence, there is no 
homologous articulation in the upper 
limb. * 

THE GENITO-URINARY SYSTEM 

(continued) 

The kid|||ys and ureters constitute the 
paired, bilateral parts of the urinary 
system. They have been studied. The 


lateral jmgles, and the urethra to the 
inferior angle or neck. The four sur- 
faces are: the superior, the sides or infero- 
lateral, and the base or infero-posterior. 
Each of the four surfaces is triangular for 
each is bounded by the rounded borders 
that connect three of the angles. The 
superior surface and half-an-inch of the 
infero-posterior surface are the only parts 
covered with peritoneum. The superior 
surface is bounded by the rounded 
borders that connect the ureters to each 
other and to the urachus. It supports 
pelvic colon and ileum. Now, the uri- 
nary bladder like certain other organs, 
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notably the lungs, the liver, the spleen, 
and the parotid salivary gland, owes its 
shape largely to the structures in contact 
with it. That this is so will be appre- 
ciated when it is pointed out that at 
birth the bladder is an abdominal organ, 
fusiform in shape, lying in the extra- 
peritoneal tissue of the anterior ab- 
dominal wall; and, that only by about the 
6th year has the pelvis enlarged suflB- 
ciently to allow it to sink to its permanent 
pelvic position and tetrahedral shape. 
The bed or mould in which the bladder 
lies is formed by the pubic bone, the 



Fio. 339. The 4 surfaces, 4 angles, and 4 
ducts of the urinary bladder 


Obturator Internus, and the Levator Ani 
on each side, and by the rectum behind; 
hence the infero-lateral and infero-pos- 
terior surfaces {jigs, 32/i., 3/^0). The 
entire organ is enveloped in areolar tissue, 
the vesical fascia. A dense plexus of 
veins, the vesical plexus^ lies in this 
fascia on the side of the bladder, clings 
to the bladder, and separates it from the 
retro-pubic space. The base or mfero- 
posterior surface of the bladder is sepa- 
rated from the rectum by the seminal 
vesicles and ampullated ends of the vasa 
deferentia, which are enclosed between 


the two layers of recto-vesical fascia; 
above these the peritoneum of the recto- 
vesical fossa separates the upper half- 
inch of the bladder from the rectum 
(figs. 819, 825). 

It is not usually appreciated that the 
bladder rests upon the rectum as though 
on a shelf, due to the fact that the lower 
part of the rectum takes a course that ap- 
proaches the horizontal. • 

S< 2 rr\.Lr\.a.l Urctec 



Ki<i. 340. T1 k‘ pf>sierioi' irlation.s of the 
bladder. 

The Pelvic Portion of the Ureter. 
Each ureter enters the pelvis at the 
bifurcation of the common iliac artery 
and descends immediately in front of 
the internal iliac artery. It lies subperi- 
toneally, save where crossed by the vas 
deferens an inch or less from the bladder, 
and it crosses medial to the structures on 
the side wall of the pelvis; these are: 
the external iliac a. and v., the oblite- 
rated umbilical a., the obturator n., a., 
and V. and the inferior vesical a. and v. 
Before passing through the bladder wall, 
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it crosses the apex of the seminal vesicle 
and is there surrounded by a leash of 
vesical veins (fKjs. 322). 

The Interior of the Bladder is best 
exposed by rutting a V-shaped flap in 
its upper surface and raising it like the 
lid of a box. The mucous membrane i» 
.seeii to lie in folds, except over the trigone 
where it is smooth. The trigone is an 
equilateral triangle on the interior of the 
base of the bladder (Jig. 3/fl). l(' sides 

are an inclj or so long; the two ureters 
and the urethra 0|)en at its angles. 7"he 


turally with the bladder at the postero- 
lateral angles, but penetrate its wall 
obliquely to open an inch apart at the base 
of the trigone. If a transverse incision is 
made through the mucous coat of the 
bladder at the upper border of the inter- 
ureteric torus, and carried laterally 
through the bladder wall to the postero- 
lateral angles, lh(3 ureters can be e^ised, 
with the aid of the handle of a knife; free 
from their areolar bed. Muscle fibers 
radiate from the ureters and blend with 
the muscle of the trigone. 


INTER'JRETRIC 



Fig. 311. The trigone of the bladder and the prostatic urethra 


internal orifice of the urethra lies at the 
lowest point of the bladder and, therefore, 
is situated advantageously for drainage. 
A pencil can be pushed into it. The 
orifice of each ureter is guarded by a fold 
of mucous membrane and is collapsed. 
A ridge, the interureienc torus, connects 
the tw'o ureters at the upper border of the 
trigone. An elevation, the uvula, over- 
lying the middle lobe of the prostate, is 
sometimes lo be seen at the apex of the 
trigone bemid the urethral orifice. 

The ureters are not continuous struc- 


Tfic Trigonal Muscle is a submucous 
sheet distinct from the muscle wall 
proper. It is continuous with the muscle 
wall of the ureters above; its apex de- 
scends in the posterior wall of the urethra 
to the utricailus. This trigonal area of 
the bladder and urethra is derived from 
the Wolffian or mesonephric ducts. To- 
gether witli the ureters, it can be separ- 
ated from the underlying muscle, if the 
bladder is well preserved. It is supplied 
by the hypogastric ple.xus (L. 1, 2, 3). 

Though 500 cc. can be injected into the 
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bladder without causing discomfort, urine 
is usually voided when little more than 
half this volume has accumulated; the 
exact volume depending largely on ac- 
quired habit. 

As the bladder fills, the trigone en- 
larges but little; so, the three orifices are 
not displaced, but the rest of the bladder 
stretches. When the fundus reaches the 
level of the umbilicus, the peritoneum is 
stripped from the anterior abdominal 
wall for one to two inches above the 
symphysis pubis; and, from the sides of 


The male urethra is a fibro-elastic tube, 
8 inches long (fig. 3/^2). It is divided 
by the superior and the inferior fascia of 
the urogenital diaphragm into three parts : 
prostatiCf membranous^ and spongy. The 
part above the superior fascia traverses 
tHe prostate; the part between the two 
fasciae has no covering; the part beyond 
the inferior fascia or perineal membrane 
traverses the corpus spongiosum penis. 

The Pkostatic Urethra (fig, 3.^1) is 
the widest and most dilatable part of the 
urethra. It runs almost vertically and 



Fig. 342. The lower parts of the genital and urinary tracts and their relations. 


the bladder, it is reflected on to the side 
walls of the pelvis at the level of the 
obliterated umbilical arteries; and the 
extent of the retro-pubic space* is, of 
course, increased. 

Vessels and Nerves of the Bladder. 

Arteries: superior and inferior vesical. 

Veins pass to the vesical plexus and 
thence to the internal iliac veins. 

Lymph vessels (p. 369). 

Nerves. Pelvic splanchnic ni). and 
hypogastric plexus (fig. 48; pp. G3 and 
367). 

The Male Urethra (Urethra Virilis). 


is an inch or more long. In shape it is 
fusiform ; and on transverse section it is 
crescentic, owing to the presence of a 
prominent vertical ridge on the posterior 
wall, called the urethral crest. The gutter 
on each side of the crest is called the 
prdstatic sinus. The urethral crest rises 
to a summit, the colliculus^ and bifur- 
cates below as it fades away. Opening 
on to the colliculus is a diverticulum, the 
prostatic utricle^ up which a probe can be 
passed for half-an-inch into the substance 
of the prostate; and on to its lips open the 
much finer orifices of the right and the 



340 


A MF/THOD OF ANATOMY 


left ejaculatory duct. On to the floor of 
each prostatic sinus several dozen prosta- 
tic ducts open. 

The Membranous Urethra passes 
through the urogenital diaphragm and its 
two fasciae an inch from the symphysis 
pubis. It is half-an-inch long and has ho 
proper clothing. Behind it on each side 
lies a bulbo-urethral gland of Cowper. 
The circular fibers of the diaphragm — 
called the Sphincter Urethrae or Com- 
pressor Urethrae, sometimes called ^'the 
shut-oflf muscle” — form for it a sphincter 
of voluntary mliscle supplied by the peri- 
neal branch of the internal pudendal 
nerve. Like the Sphincter Ani Externiis, 
also supplied by the pudendal nerve, it is 
in constant contraction. 

The Spongy or Penile Urethra 
traverses the bulb, body, and glans of the 
corpus spongiosum penis. It enters the 
bulb on its upper surface and ends 
near the lower part of the apex of the 
glans at the external urethral orifice. Its 
lumen is dilated both in the bulb and in 
the glans. The dilatation in the glans 
is known OvS the terminal (navicular) 
fossa. {Fig. 316.) 

.Axioius. (a) The external un^ihral 
orifice is commonly tin' r)ari‘o\\e^t pjtrt 
of the urethra. Tn this it resembles 
other ducts, such as the un'fc'rs, ejacula- 
tory ducvts, common bile and pancreatic 
ducts, and the ducts of the parotid and 
submandibular salivary glands. A small 
renal calculus after leaving the kidney 
may stick at the vesical orifice of the 
ureter, or, having passed, it may yet 
stick at the external urethral orifice. tl>) 
Further, though the membranous and 
spongy urethrae are lined with stratified 
columnar epithelium, the terminal or 
navicular fossa is lined with stratified 
squamous^ithelium, as are other orifices 
opening on to the skin surface such as, 
the conjunctiva, nostrils, mouth, mam- 


mary ducts, sebaceous ducts, (but not 
the sweat ducts), anal canal, and vagina 
(c) Again, because the male urethra con- 
veys the secretions of the kidneys, testes, 
and various other glands (viz., prostate, 
seminal vesicles, ampullae of the vasa 
deferentia, bulbo-urethral and urethral 
glands), it belongs to the genital as well 
as to the urinary system. ' 

Palpalion. A catheter passed into the 
bladder can be palpated in the spongy 
urethra from the under surface of the 
penis, in the membranous urethra from 
the |)erineum, and in the prostnfic urethra 
per rectum. 

yerre supply (p. 367 and fig. 48) 

The Structure of the Urinary Tract. 

Rpithclium. The calyces, pelvis of the 
under, ureter, bladder, and prostatic 
urethra an^ lined with transit if)nal epi- 
thelium, 3-\ cells tliicki that of the 
empty bladder being (> 8 cells thick. It 
is elastic. The epithelium is stratified 
columnar in the membranous and spongy 
urethrae', ('xcept with the terminal fossa 
\v]i(‘n' it is stratitieHl squamous. The mu- 
cous surface* is neither abse)rptive noi 
sex*reteiry like that e)f the inte-stine, which 
is liiKHl with a single layer of colls, iu)r is 
it subje'cteel te) frictiejn anel nmgh trciat- 
ment like the skin and the mucous mem- 
brane of the me)uth and esophagus which 
have a stratifieel sepiamoiis epithelium. 

The Tunica Propria is thick and loose 
in the ureter and bladder, and it falls into 
folds when they are empty. It has no 
tunica muscularis mucosae — such is re- 
stricted to the alimentary passage beyond 
the pharynx. Because the urinary tract is 
not normally exposed to infection from 
without like the alimentary and respira- 
tory passages, the tunica propria is not 
permeated with diffuse lymphoid tissue. 

Muscle. The urinary tract has both 
an inner longitudinal and an outer circu- 
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lar coat of muscle. At the calyces the 
fibers are circular and have been de- 
scribed as having a “milking^’ action on 
the renal papillae. The lower part of 
the ureter and the bladder have an ad- 
ditional outer longitudinal coat; the 
layers are interwoven in the bladder, the 
innermost being somewhat reticular. 
Fibers from the longitudinal and circular 
muscle coats loop from behind forwards 
round the frofd and sides of the upper 
part of the prostatie urethra. These 
slings are known as the Sphiihcfrr Vesicae 
(Internal Sphincter). 

The circular and longitudinal fibers in 
the urethra are not numerous. 

The intramiual part of the ureter has 
longitudinal libers, but no circular ones. 
Of these some^ join their fellow in the in- 
tcruretcric torus, ,o1 hers radiate into the 
trigonal muscle. 

M ucons cells, singly and in clusters lin- 
ing recesses (lacunae urethrales), as well 
as in branching outpouchings (glands of 
Littr6) in the tunica propria, occur espe- 
cially on the dorsum of the anterior 
two-thirds of the spongy urethra. They 
may extend to the neck of the bladder. 

Common Direction. The mouths of all 
ducts and tubes opening into the urethra 
open forwards, in the direction in which 
the urine flows. Hence, urine does not 
enter them during micturition. 

The Genital System of the Male. 
The external parts are — the penis, scro- 
tum, testes, epididymes, and parts of the 
vasa deferentia. They have been 
studied. The internal parts are — the 
remainder of the vasa deferentia, the 
seminal vesicles, the ejaculatory ducts, 
and the prostate. They will be dealt 
with now. 

The Prostate Gland surrounds the 
urethra between the bladder and the 
u. g. diaphragm. It occupies the same 
bed as the bladder and it resembles the 


bladder in shape, its surfaces being — 
superior, infero-lateral, and infero-pos- 
terior. Of these, the superior faces the 
bladder; the infero-lateral lie on the 
Levatores Ani; and the infero-posterior 
lies on the rectum. Its apex, from which 
the urethra emerges, abuts against the 
upper fascia of the diaphragm between 
the anterior borders of the Levatores 
Ani. • 

The prostate is encased in a strong en- 
velope of pelvic fascia, which is continu- 
ous below with the upper fascia of u. g. 
diaphrngm, and which* is anchored to 



Fia. 343. Prostate in transverse section 
showing three concentric groups of tubules 
(schematic). (After Adrion.) 


the pubes by the pubo-prostatic (-vesical) 
ligaments. The prostatic fascia is dis- 
tinct from the outermost part of the 
gland proper, which is called the capsule 
of the prostate (fiys. 325, 82 Ji), On each 
side of the prostate the capsule is separ- 
ated from the fascia by a cavernous 
plexus, called the prostatic (pudendal) 
plexus of veins. This plexus receives the 
deep dorsal vein of the penis in front, 
communicates with the vesical plexus 
above, and drains into the internal iliac 
veins behind. The posterior part of the 
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prostatic fascia forms a broad strong 
sheet, called f)y i lie Mirgeon the fascia of 
Denonvilliers. 1 1 is easily separated from 
the loose* jvctnl fascia behind it. 

d'he prostate can be palpated per rcc- 
tum and exposed bloodlcssly from the 
perineum (pp. 315 -310). • 

'riie urethra passes vertically through 
th(5 forepart of the prostate ; the prostatic* 
utricle piK)jects into the hinder part, and 
the ejaculatory duets pierce* i(s upp(*r 



.INCISION IN MUCOUS MLMORaNC THHOUGH WHICH 
TH£ rUMCL'H WAS REMOv,!) 


341 Prostatio tumour. In dissecting 
room subjects simple tumours of the prostate, 
which may obstruct tlie urethra with conse- 
quent dilatation of the bladder and ureters, 
are not uncommon. Such tumours may be 
shelled out of the prostate witli the aid of the 
rounded end of the handle of a knife, after 
incising the overlying mucous membrane of the 
bladder. 

surface and open on lo the lips of the 
utricle. 

SraucTURE, The prostate is a modi- 
(ied portion of the urethral wall. In com- 
position it Ls -i glandular, | involuntary 
muscle, and J fibrous tissue. The glailds 
are arranged in 3 concentric groups (Jiff. 
34s). The innermost or mucosal are 
short and simple. They open all round 
the urethra above the level of the collic- 
ulus. '*A]||Jiypertrophies of the prostate 
arise from these mucosal or suburethral 
glands’^ (Young) {fig. 344). The inter- 


mediate or submucosal glands open into 
the prostatic sinus at the level of the colli- 
(uilus. The dutermost or prostatic glands 
■proper are long and branching. They 
(mvelop the other two groups, except in 
front where those of opposite sides arc 
joined l)y a non-glandular isthmus. 
Their ducts open into the prostatic sinus. 

The Vas (Ductus) Deferens or" sper- 
matic duct has a course in the scrotum, in 
the inguinal canal, on the side wall of the 
pelvis, and between the bladder and 
rectum. It is as long as a femur or a 
spinal cord, that is, 18 inches. Before 
birth, it is subperitoneal throughout, for 
in the scrotum and inguinal canal, wheni 
it is a constituent of the spermatic cord, 
the funicular process (formerly the proc- 
(‘ssus vaginalis peritonei) accompanies 
it (Jigs. 334y 313). In the abdomen and 
pelvis the vas remains strictly subperi- 
(oneal as far as the base of the bladder, 
and between tlio bladder and rectum it 
ceases to 1)0 subperitoneal after about 
the sixth ^''ear, wlicn the lowest part of 
the recto-vesical fossa, which formerly 
descended to the apex of the prostate, is 
ol)literated (Jig. 353). 

With these facts in your mind, note 
that the vas, after turning round the 
lateral side of the inferior epigastric a., 
crosses the external iliac a. and v., the 
obturator n., a., and v., the obliterated 
umbilical a., and the ureter. Where the 
vas lies between the two layers of recto- 
vesical fascia, medial t o the seminal vesi- 
cle, it is ampullatcd, thin-walled, and 
easily torn. Here it is separated from 
its fellow by a triangular area bounded 
above by the peritoneum of the recto- 
vesical fossa. This triangular area at 
the base of tfie bladder is not to be con- 
fused with the trigone of the bladder. 

The Seminal Vesicles. Eaph vesicle 
is a tortuous, branching diverticulum de- 
v'eioped from the ampullated end of the 
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vas deferens, and possessing much the 
same histological structure. {Fig, S-i6,) 
It lies between the two delicate laj'^crs of 
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Fig. 346 . The seminal vesicle unravelled. 


the rectovesical fascia; i.c., in the primi- 
tive uro-re(!tal septum {Jig, 307). In 
front is the bladder; behind is the cylin- 
drical rectum on which it is moulded ; 


medial to it is the vas of which it is an 
outgrowth; above it is capped with peri- 
toneum ; and laterally it is separated from 
the Levator Ani by numerous vesical ves- 
sels. The vesicles of the two sides form 
a crescent that partly embraces the rec- 
tiftn. The vesicles, prostate, and bulbo- 
undhral glands each add a distinctive 
s('crolion to tlie semen. Storing sperma- 
tozoa, formerly thought to be a function 
of the vesicles, is now known to take 
place in lh(* (epididymis. Indeed, seminal 
vesicles are absent in dogs and other 
(‘arnivajra. * 

The Ejaculatory Duct is the duct com- 
mon to the vas, and the seminal vesicle. 
It has the diameter of the lead of a pencil. 
It is easily torn away fi*om the prostate, 
the upper half of which it pierces obliquely 
to open beside the prostatic utricle. 

Vessels and Nerves. The inferior vesi- 
cal and middle rectal {hemoirhoidal) aa. 
supply the base and sides of the bladder, 
the front of the lower part of the rectum, 
and the structuivs in bctw(‘cn (viz., the 
prostat,o, seminal vesicles, ampullae of 
the vasa, and ends of the uret(H’s). 
The artery to the vas deferens springs 
from either the inferior or the superior 
vesical arter 3 \ 

Xerves. (See page 03). 

THE INTESTINUM RECTUM AND 
ANAL CANAL 

''Jhc intest, inum rectum and anal canal 
are the terminal parts of the large intes- 
tine. The rectum begins where the 
colon ceases to have a mcsenteiy, which 
is tn front of the 3rd pi ece of th 9 ,jai^<^rum 
and it is about five inches long. The 
rectum continues tTic; ’^urvaiure of the 
sacrum and coccyx downwards and for- 
wards for an inch and a half beyond the 
coccyx, and there, at the apex of the 
prostate, makes a right-angled bend and 
becomes the anal canal. The anal canal 
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passes downwards and backwards for an 
inch or more to its orifice, the anus. 

The lower third of the rectum is not 
covered witli peritoneum; the middle 
third is covered in front; the upper third 
is (X)vered in front and on the dises. Tlie 
distance from tJie skin surface to the 
peritoneal cavity (i.e., to the recto- 
vesical fossa), measured in front of tlie 
anal canal and rectum, is 3-4 inches; 
measured behind them (i.e., to the para- 
rectal fossa) it is 5-0 inches { jig. 

The rectum in man is not straij^hi as 
its name would" imply; it has the antero- 
posterior cuiwature just described; it has 
also 3 lateral cuiwatures: thus, at the 



Fig. 3t7. Tin* lal<Tiil »t thf iriLos- 

tiniini rectum (front view) 

bottom of the recto- vesical lossa, 3 4 
inches from the anus, the rifi;h( wall is 
indented with the iesult- that a t ransverse 
fold or shelf projects into tlie lumen; and 
similar but less pronounced indentations 
from the left occur about an inch below 
and above this. The shelves within the 
guf are the yUcae t ram^ersae (Jig. •%?). 
They consist of mucous membrane iitad 
circular muscle. Their fonn is main- 
tained by the [irolongations of the three 
taeniae coli, of which the postero-medial 
spreads out on the back of the rectum, 
while the -anterior and postero-lateral 
join and si^ad out on the front. Instru- 
ments introduced into the rectum may 


catch on the plicae. The dilated part 
of the rectum below the recto-vesical 
fossa is the ampulla. 

The upper part of the anal canal 
possesses 5-10 permanent longitudinal 
folds of mucous membrane, the anal 
columns of Morgagni, whose lower ends 
are united by semilunar folds, the anal 
valves of Hall. They likely are residual 
pails of the cloacal membrane. Above 
the anal valves the gut is lined with 
columnar epithelium containing goblet 
cells derived from the endoderm; below, 
with stratified squamous epithelium de- 
rived from the ectoderm. 



Fig 3 is. Tlie interior i)f the rectum and 
anal canal 

Arteries. 4'iie superior, middle, and 
inferior rectal or haemorrhoidal arteries 
supply the rectum and anal canal, mak- 
ing 5 arteries in all — for the superior a. is 
unpaired. The superior rectal a. is the 
continuation of the inferior mesenteric a. 
It begins in front of the left common iliac 
a., and there lies medial to its own vein 
and to the ureter. It descends in the 
vertical part of the root of the pelvic 
meso-colon to the beginning of the rectum 
where it divides into a right and a left 
branch. The lowest left colic (sigmoid ) a. 
commonly springs from the stem of the 
superior rectal a. so also do several twigs 
that supply adjacent parts of the colon and 
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rectum. As the right and left branches 
descend, they give off obliquely encircl- 
ing branches which pass towards the 
front of the gut. llrauchcs, given off 
irregularly from these, pierce the muscle 
coat, ramify in tin* siibmucosa, and de- 
scend in the mucous membrane of the 
anal columns {Jig. S^^S). 

The middle rccAal a. is a small and in- 
constant branch of the internal iliac a. 
It passes to thc^ side of the rectum and 
makes variable anastomoses with the 
superior and inferior rectal aa. and with 
the prostatic, vesical, (and vaginal) aa. 

The inferior rectal a. is a bj’ancli of the 
internal pudendal a. It supplies the 
musculature of the aims and anastomoses 
hy hne twigs with the middle rectal a. 

The median aacral a. sends negligible 
twigs t(» the back of the rectum. 

Veins. The superior, middle, and in- 
ferior rectal or haemorrhoidal veins 
accompany their arteries and drain 
corresponding parts of the rectum and 
anal canal. The superior vein becomes 
the inferior mesenteric vein and, there- 
fore, belongs to the portal system. The 
middle and inferior veins are paired and 
belong to the caval system. The superior 
vein begins in the anal columns. It 
has extensive mucous and submucous 
plexuses, and it receives branches from 
the perirectal tissues. The middle rectal 
vein is a much more important vessel 
than the corresponding artery. It drains 
the rectum above the Internal Sphincter 
and communicates both submucously and 
perimuscularly with the inferior rectal 
v’^ein, and it makes free anastomoses sub- 
mucously with the superior rectal vein. 
Its branches communicate with the pros- 
tatic (vaginal and uterine) plexus. It 
is the chief link between the portal and 
caval systems, and it ends in the internal 
iliac vein. The inferior vein drains the 
anus and Sphincter Ani Externus. 


Lymph Vessels. See page 369. 

Nerves. See page 367. 

Relations. The rectum extends from 
the 3rd piece of the sacrum to a point an 
inch and a half beyond the coccyx {fig, 
d/i9). It is as broad as 2 or 3 fingers 
tmd much broader than the coccyx; so, 
the rectum and anal canal have behind 
them: 3 pieces of sacrum, the coccyx, 
the ano-coccygcal body; Ririformis, 
Coccygeus, TiCvator Ani; the median sa- 
cral a. and v., the sympathetic trunks 
and ganglion impar, parts of 3 sacral and 
1 coccygeal nerve, the hfteral sacral ves- 



Fio. 3^1). The parts of the sacrum and coc- 
cyx covered by the rectum {see Jig. S26). 

sels and in the rectal fascia are branches 
of the superior rectal vessels and lymph 
glands. {Jig. 352). On each side are: 
the pararectal fossa containing pelvic 
colon or ileum ; the middle rectal vessels, 
the pelvic splanchnic and “presacral'^ 
nA’ves, the Levator Ani, and the ischio- 
rectal fossa. In front are: the bladder 
separated by recto- vesical fossa, 4 layers 
of fascia, seminal vesicles, and ampullae 
of the vasa; the prostate separated by 
2 layers of fascia, and the perineal body 
(Jig. 842). Strands of involuntary mus- 
cle, the recto-urethral muscle j connect the 



.340 


A MKTHOD OF AVATOMY 


ano-recial junclioti to the Sphincter 
Urctl»ra(‘ (Jif/. -ll'i). 

THE VESSELS AND NERVES OF THE 
PELVIS 

The Arteries of the Pelvis are the 

nu'diiin sacral, the superior rectal 
(liaemorrhoidal), and the internal iliac 
arl cries. 

The Median Sacral Artery is smaller 
than a lumbar artery, nevertheless, it is 
the continuation of the aorta and, like 
the aorta, it clings to the vertebral column. 
It descends from vertebra L. 4 to the 
coccyx, an<l thcn'eforc passes behind the 
left common iliac \'('in, (superior) hypo- 
gixstric plexus, ami rectum. It sends 
twigs to the neighboring structures. As 
the continuation of the aorta, it should 
gi\'o off the 5111 lumbar and the sacral 
arteries, but it does not- it is too .small. 

its companion vein ends in tiu‘ left com- 
mon iliac vein. 

The Superior Rectal (Haemorrhoidal) 
Artery is the continuation of the inferior 
mesenteric artery. It i.s described witli 
the rectum on page 311. 

The Internal Iliac (Hypogastric) 
Artery {jUj. ddf) takes origin from tin* 
common iliac artery onc-lhini of the way, 

i.e., two inches, along the line joining the 
aortic bifurcation to th(‘ muliuguinal 
point. It ends about i1m‘ h’vcl of the 
pelvic brim by dividing into an anterior 
and a posterior division. It descends 
siibpcritoneally and crosses in(*dial to 
the external iliac vein, the Psoas, and 
the obturator nerve. In front of it ruifs 
the ureter; lichind it lies its vein. 

The branches of the internal iliac artery 
arise erratically. Usually the superior 
gluteal and the two somatic segmental 
branches colJe from the posterior di\nsion ; 
the others from the anterior. They may 
be grouped thus: 


1. The obliterated umbilical and other 

visceral branches: 

Superior vesical Inferior vesical 

Middle rectal 

(also. Uterine and Vaginal in the femah*) 

2. Branches to the limb and perineum: 

Superior gluteal hiferior gluteal 

Obturator Internal pudendal 

3. Somatic segmental branches: ' 

Ilio-lumbar Lateral sacral 

I. The Visceral Branches supply the 
bladder, the internal genital organs be- 
hind the bladder, and they send a twig 
to the rectum. They are: 

(a) The obliterated umbilical (hypo- 
gastric) artery: In i)renatal life the inter- 
nal iliac artery of each .side passed 
through the umbilical cord to supply the 
allantois, whi(*h is the endodcrmal pro- 
longation of the anterior or bladder 
portion of the cloaca. When the pla- 
centa su[)erseded the allantois, the inter- 
nal iliac arter}" became the placental or 
umbilical artery. At birth the umbilical 
cord was severed and discarded with the 
placenta, whereupon the umbilical artery 
became obliterated as far back as the 
branches (superior vesical) to the fore 
part of the cloaca now called the blad- 
der. This obliterated end part of the 
artery has already been observed ascend- 
ing extraperitoneally on the anterior ab- 
dominal wall to the umbilicus, between 
the urachus medially and the inferior 
epigastric artery laterally (figs. 39, S/pl). 
The umbilical artery is, therefore, a vis- 
ceral artery, and it clings to the peri- 
toneum on the side wall of the pelvis, 
above the level of the bladder. The 
only structures crossing medial to it are 
the ureter and the vas deferens. The 
superior vesical arteries are 2 or 3 branches 
that pass from the pervious part of the 
umbilical artery to the upper surface of 
the bladder. 

(b) The inferior vesical artery and (c) 
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the middle rectal {hemorrhoidal) artery 
rua ia the leash of veins that form the 
posterior limit of the retro-pubic space, 
and that pass from the postero-lateral 
border of the bladder and prostate to 
the side wall of the pelvis where they 
end in the internal iliac vein. These 
two arteries supply the sides and base of 


thus: (a) the superior gluteal artery, which 
is much the largest branch of the internal 
iliac artery, crosses in front of the sacro- 
iliac joint and hugs the iliac bone, making 
a U-shaped turn round the angle of the 
greater sciatic notch into the gluteal 
region. Its vein and the superior gluteal 
nerve accompany it. (Fig. 326.) 


Com. iliac a. 


Ext. iliac a. A.V. 


Obi. umbilical a. 



Vb-ftcular stalk. 


Fig. 350. The blood vessels of the pelvis. The vascular stalk to the pelvic viscera limits the 
retro-pubic space posteriorly. 


the bladder, the prostate, seminal vesi- 
cal, ampulla of the vas, and the end of 
the ureter, and they supply twigs to the 
front of the rectum and give off the 
deferent artery. 

2. The Branches to the Limb and Pe- 
rineum leave the pelvis through the 
greater sciatic and obturator foramina, 


^(b) The inferior gluteal artery and (c) 
the internal pudendal artery descend in 
front of the sacral plexus and pass 
between the borders of the Piriformis and 
Coccygeus into the gluteal region. 
There the pudendal artery, which is the 
smaller and more anterior, crosses the 
ischial spine and returns to the pelvis 
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through the lesser sciatic foramen in 
company of its own nerve and the nerve 
to the Obturator Internus. 

As mentioned with the sacral plexus, 
the superior gluteal a. passes medial to 
the lumbo-sacral trunk (sometimes lateral 
to it). The inferior gluteal a. passfes 
between the (Ist and 2nd) or 2nd and 
3rd sacral nerves, and it may form a 
common*stem with the i. pudendal a. 

(d) The obturator artery runs forwards 
on the side wall of the pelvis to the obtu- 
rator foramen. It lies between its nerve 



and vein. The obturator and inferior 
epigastric arteries both supply branches 
to the back of the pubis. Those branches 
anastomose, and the anastomotic channel 
is commonly (35 per cent) so “abnor- 
mally*’ large that the obturator artery 
derives its blood from the epigastric 
artery and only slightly, if at all, from 
the internal iliac artery. This is known 
as an abruj^al obturator artery. 

The obturator vein likewise is com- 
monly abnormal. 


3. The Somatic Segmental Branches 
(i.e., to the body wall) are in series with 
the intercostal and lumbar arteries and, 
therefore, should arise from the continua- 
tion of the aorta, which is the median 
sacral artery. However, they generally 
arise from the posterior division of the in- 
ternal iliac artery, (a) The ilioAumbar 
artery is the somatic arteiy of the 5th lum- 
bar segment. It ascends and crosses the 
ala of the sacrum between the lumbo- 
sacral trunk and the obturator nerve, and 
divides into iliac and lumbar branches. 
The iliac branches anastomose in the 
iliac fossa with the deep circumflex iliac 
and adjacent arteries. The lumbar 
branch supplies adjacent muscles and 
sends a spinal branch through the 5th 
intervertebral foramen, (b) The lateral 
sacral artery descends lateral to the 
anterior sacral foramina and in front of 
the roots of the sacral plexus. It sends 
spinal branches with the nerves into the 
anterior sacral foramina and twigs from 
tlieso npj)car on the back through the 
po.sterior sacral foramina. 

The Veins of the Pelvis {fig. :ioO). 
Tlie pelvic* viscera may be said to lie 
within a baske^t woven out of large thin- 
vvallod veins among which tht? arteries 
thread their w^ay. The basket is divided 
into vesical, prostatic (or uterine and 
vaginal), and rectal venous plexuses, 
which drain largely into the internal 
iliac vein, but partly via the superior 
rectal (haemorrhoidal) vein into the in- 
ferior mesenteric! vein and so to the portal 
vein. In the female, the uterine vein 
communicates with the » pampiniform 
plexus of ovarian veins. The middle rec- 
tal (haemorrhoidal) vein is relatively 
large. It emerges from the lower part 
of the side of the rectum and passes to 
the internal iliac vein. It anastomoses 
with the superior and inferior rectal veins 
and, therefore, belongs to the accessory 
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portal system (p. 252). It also anasto- 
moses with the prostatic plexus of veins. 

The Sacral and Coccygeal Nerve 
Plexuses. The lumbar, sacral, and coc- 
cygeal plexuses are derived from the 
anterior rami of the spinal nerves shown 
in table 14. 


TABLE 14 


ANTBIUOn AAMl OP 

Th. 

L. 

S. 

C. 

1 

Lumbar plexus . 
Sacral plexus 
Coccygeal 
plexus 

12, 

1,2, 3,4 
... 4.5, 

1.2. 3,4 

4,5, 






Note that rami L. 4 and S. 4 both con- 
tribute to two plexuses. Each does so by 
means of an upper and a lower branch. 

Like all other anterior nerve rami, the 
roots of the sacral and coccygeal plexuses 
receive grey sympathetic rami communi- 
cantes, which they conduct to the blood 
vessels, sweat aiid sebaceous glands, and 
arrectores pilorum in their territory. 
No white sympathetic rami communi- 
cantes arise caudal to L. 3, but parasym- 
pathetic fibers, called the 'pelvic splanch- 
nic nerves, pelvic autonomic nerves, or 
nervi erigentes, arise from the anterior 
rami of S, (2), 3 and 4 {jigs, 76'4, 7G0). 

The Sacral Plexus {figs. 

Of the six roots of the sacral plexus, L. 4 
crosses and grooves the fifth lumbar 
transverse processes; L. 5 crosses and 
grooves the ala of the sacrum and joins 
with L. 4 near the pelvic brim to form 
the lumbo-sacral trunk; the upper 4 
anterior sacral rami groove the lateral 
mass of the sacrum. The lumbo-sacral 
trunk and S.*l join as they pass in front 
of the sacro-iliac joint, and they unite 
with S. 2, 3, and 4 in front of the Piri- 
formis to form the sacral plexus. The 
plexus has many collateral branches and 
it ends as two terminal branches, the 
sciatic and pudendal nerves. The sacral 
plexus is placed in front of the Piriformis 


U9 

and outside the pelvic fascia— as you 
would expect — which separates it from 
the branches of the internal iliac artery 
and from the voluminous plexus of 
tributaries of the internal iliac vein. 

Arteries Pierjcing the Plexus. Four 
branches of the internal iliac artery pierce 
the plexus, after first piercing the pelvic 
fascia, thus: the ilio-liimbar a. passes be- 
tween L. I and 5, the superior gluteal 
a. between L. 5 and S. I, the inferior 
gluteal a. between S. 2 and 3, ainl the 



Obturator* i 


Superior 
qlutecLl a. 

Lurrvbo- 

sacral 

truTxk. 

Irvferior 
qluteal a. 


In.t. pudLervda'lt^.arvdoc. 
Arxterior caudal tv. 

Pelvic splatvcK.ixic tx. 

Kni. 352. Tlio s.icral plexus. 


internal pudendal a. descends to the 
ischial spine between the sciatic and 
pudendal nerves. Commonly these four 
arteries are moved independently or to- 
g^her cranialwards: the ilio-Iumbar a. 
then passes between the obturator n. and 
the descending branch of L. 4; the supe- 
rior gluteal a. between the lumbo-sacra) 
trunk and the upper border of the greater 
sciatic notch; and the inferior gluteal a. 
between S. 1 and 2. On the other hand, 
they may be moved caudalwards. 
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The Branches of the Sacral Plexus 

may be grouped thus : 

1. Branches from roots of plexus: 

(a) Muscular (To Piriformis, Levator 
Ani, and Coccygeus.) 

(b) The pelvic splanchnic nerve. 

2. Branches that pass through thcgreatcV 
sciatic foramen: 

(a) 2 terminal (sciatic and pudendal.) 

(b) 5 cdllateral 

3. Branches that emulate the coccygeal 
plexus in piercing the structures at- 
tached to the side of the coccyx in 
order to become cutaneous: 

(a) Perforating cutayieous of S. 2, 3 

(b) Perineal of S. >/ 

1. The Branches Arising from the 
Roots of the Sacrai. Plexus arc, short 


Vesicae) to relax while the organs con-? 
itract, and it is sensory to them. It also: 
causes relaxation of the arteries of the 
jerectile tissue of the penis or clitoris 
and thereby produces erection, hence theJ 
;alternative name nervus erigens. (fig. 
'306.) 

2. The Branches That Pass through 
THE GREATER SciATic Foramen entCr the 
gluteal region and they should be studied 
with it. They are 7 in number, two be- 
ing terminal and five collateral. The 
exact segments of origin of the collateral 
branches are unimportant, but they are 
given in order to make identification 
more easy. 

The sciatic nerve is the largest nerve 
in the lM)dy and it forms the greatest part 


TABLIO 15 


Branches of the Sacral Plexus 



TBRUINAL 

COLLATKRAL 


From the back 

j From the front 

From front and back 

1. 

2. 

Sciatic 

Pudendal 

3. Superior Gluteal 

4. Inferior Gluteal 

I .5. X. to Quadratus Femoria 

I (5. N. to Obturator Intornus 

7. Posterior cuta- 
neous of the 
thigh 


twigs to the Pivifonnis (S. I, 2), long 
branches that extend across and supply 
the Levator Ani and Coccygeus (S. 3, 4), 
and the pelvic splanclinic nerve (S. 2, 3, 
4). Note that the pelvic splanchnic 
nerve and the pudendal nerve both 
spring from segments S. 2, 3, 4. Thc^ 
pudendal nerve is a mixed cerebro-spinal 
. nerve. It supplies the muscles derived 
from the cloacal sphincter and the skin 
> around the cloacal orifice. These muscles 
jare voluntary and include the Sphincter 
' Ani Extemus and the Sphincter Urethrae. 
The pelvic splanchnic nerve is a mixed 
parasympathetic nerve. It supplies the 
involuntary muscles derived from the 
cloaca that|pause the involuntary sphinc- 
ters gOarding the rectum and bladder 
V(Sphincter Ani Internus and Spliincter 


of the sacTcal plexus. It bears some 
resemblaoce to the forearm, palm, and 
outstretched digits of a limb; the digits 
being its five roots (L. 4, 5, S. 1, 2 and 3), 
the palm being the flat main mass of 
the plexus in front of the Piriformis, and 
the forearm being the rounded sciatic 
nerve that leaves the pelvis between the 
Piriformis and the ischial border of the 
greater sciatic notch. The sciatic nerve 
will later be seen to be two nerves loosely 
held together: one is the medial popliteal 
or tibial nerve; the other is the lateral 
popliteal or peroneal nerve — ^peroneal is 
Greek for the Latin word fibular. 

The pudendal nerve (S. 2, 3, 4) already 
seen in the perineum, escapes between the 
Piriformis and Coccygeus just medial to 
the sciatic nerve. 



THE PEI.VIS 


351 


The superior gluteal nerve (L. 4, 5, 1) 
and the inferior gluteal nerve (I.. 5, 1, 2) 
arise from the back of the plexus. The. 
nerves to tlic Quadratus Fmioris (L. 4, 5, 
1) and Obturator Intcrnus (L. 5, I, 2) 
arise from tlio front of the plexus; the 
former descends in front of the sciatic 
nerve, the latter on the medial side of the 
sciatic nerve. The posterior cutaneous 
nerve of the thuik (H. 1, 2, 3) arises from 
the hack and froni of Ihc plexus. 



Fig. 35S. Tho sacral and c.occyKcal nerve 
plexuses. (Left side.) 

The superior gluteal nerve and its 
companion artery and vein escape from 
the pelvis above the Piriformis at the 
angle of the greater sciatic foramen. All 
other structures passing through tho 
foramen pass below the Piriformis. The 
inferior gluteal nerve and the posterior 
cutaneous nerve of the thigh escape 
below the Piriformis and behind the 
sciatic nerve. 

3. The Two Branches That Emu- 


late THE Terminal Branch of the 
Coccygeal Plexus are the perforating 
cutaneous branch of S. 2 and 3 and the 
perineal branch of S. 4. These descend 
in front of the Coccygeus and then pass 
through it: thereafter the former, wliich 
supplies the skin of the buttock, passes 
backwards through the sacro-tuberous 
ligament and round the lower border of 
the Gluteus Maximus; the latter passes 
forwards in front of the sacro-tuberous 
ligament, and is to be found on the Ivcva- 
tor Ani between the tip of the coccyx and 
the anus, wdiere it suppli^js the skin and 
gives twigs to the Sphincter Ani Externus. 

The Anterior Coccygeal Plexus is 
formed by the aliterior rami of S. 5 and 
C. 1 which emerge from the sacral hiatus 
on to the dorsum of tho sacnim, because 
the lower ends of the sacrum and coccyx 
have, so to speak, been dissolved away 
{jig. 0:33). Therefore, to enter the 
pelvis these two rami require to bore 
through the structures attached to the 
side of the sacrum and coccyx (i.c., Glu- 
teus Maximus, sacro-tuberous ligament, 
sacro-spinous ligament, and Coccygeus). 
This they do independently, one above, 
the other below the transverse process of 
the coccyx. In the pelvis they unite, and 
a descending twig from S. 4 joins them. 
The slender trunk so-formed descends, 
pierces the same structures again and 
appears on the back. This nerve corre- 
sponds to the anterior caudal nerve of 
tailed mammals. A similarly formed 
nerve, derived from the posterior rami 
of R. 4, 5, and C. 1, corresponds to the 
poslerior Caudal nerve of tailed mammals. 
In man these abbreviated anterior and 
posterior caudal nerves, together with 
other contributions from S. 4 (via its 
perineal branch, and the inferior haemor- 
rhoidal nerve) supply a circular area of 
skin around the coccyx — the area on 
which one sits down (fig. 5S8). 
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THE FEMALE PELVIS 

The female pelvis will be described 
under the following headings: 

1. In median sagittal section. 

2. Viewed from above. 

3. The viscera : 

a. The ovaries and the remnants *of 
the gubemaculum ovarii. 

b. The uterine tubes, uterus, and 
vagina— •derived from Muller’s ducts. 



Fia.3r)4. Outlines of female pel vis in median 
section (drawn to scale). 


c. The remnants of tin; mesonephric 
(Wolffian) tube and ducts 

d. The ureter. 

4. The vessels. 

The Female Pelvis in Median Sagittal 
Section. You should be able to draw 
this to scale. First sketch the skeletal 
parts, then insert the viscera, and lastly 
put on the peritoneal covering. It is a 
good plan to use dividers or a graduated 
ruler. 

1. The symphysis pubis with the in- 
ferior pubic ligament is inches deep. 
Its posterior surface is flat and faces more 
upwards than backwards (fig, 364), 

2. Erectih vertical line 3i inches high 
on the symphysis. Draw two parallel 


horizontal lines, one at the level of the 
top of the symphysis, the other at the 
top of the 3^ inch line. 

3. The sacral promontory lies on the 
upper horizontal line, three times the 
depth of the symphysis (4^ inches) from 
the upper end of the symphysis. 

4. The tip of the coccyx lies on the 
lower horizontal line, three times thadepth 
of the symphysis more or less (4^ inches) 
from the lower end of the symphysis. 

5. The upper part of the sacrum is 
straight and parallel with the symphysis; 
its lower part and the coccyx are often 
much curved. 

6. A line joining the upper end of the 
symphysis to the j)romontory of the 
sacrum is the plane of the pelvic brim or 
inlet of the pelvis. If you are interested 
in angles, note that it makes an angle of 
00® with the horizontal, i.e., the equiva- 
lent to a third of two right angles. A line 
bisecting tlie pelvic inlet at right angles 
passes through the umbilicus. 

7. A line joining the lower end of the 
symphysis to the tip of the coccyx is the 
plane of the outlet of the pelvis. It 
makes an angle of 15® with the horizontal 
A line bisecting it at right angles passes 
through the j)romontory. 

8. Insert ‘The urogenital diaphragm 
and its upper and lower fasciae’'. 

The soft parts are now to be inserted: 

9. The bladder and urethra, as in the 
male; The urethra pierces the urogenital 
diaphragm an inch or less from the 
symphysis. It is an inch or more long 

355 ). 

10. The rectum and anql canal, as in 
the male: The rectum curves downwards 
and forwards from the third piece of the 
sacrum to a point 1^ inches beyond (not 
below) the coccyx. There it makes a 
right-angled bend and thereafter, as the 
anal canal, passes downwards and back- 
wards for an inch or more. 
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The uterus and vagina occupy in the 
female the positions taken by the seminal 
vesicles, ampullae of the vasa deferentia, 
and prostate in the male. 

11. The vagina is about 4 inches long. 
It lies nearly parallel to the pelvic brim. 
Its anterior wall is in structural continu- 
ity with the urethra in its lower third 
(IJ-"); it is in contact with the bladder in 
its middle third (bj"); it is pierced 
by the cervix of the uterus in its upper 
third (1"). Its orifice penetrates the 
urogenital diaphragm. 



Fig. 355. The soft parts inserted in figure 
354 (to scale). 


12. The posterior wall of the vagina is 
separated from the rectum by the rectal 
and recto- vaginal layers of fascia; and 
from the anal canal by the triangular 
mass of fibro-fatty tissue called the peri- 
neal body (the perineum of the gynecolo- 
gist). 

13. The uterus is 3 inches long. It lies 
nearly at right-angles to the pelvic brim 
and to the vagina. Its upper 2 inches (or 
fundus and body) are one inch thick; its 
lower one inch or cervix is less than an 
inch thick. The external orifice of the 
uterus lies on (or below) the lower of the 
two parallel horizontal lines. The fundus 


does not reach to the pelvic brini. The 
body and cervix meet at a slight angle, so 
the uterus is said to be anteflexed. 

14. The anterior and posterior fomices 
(fornix L. = an arch) of the vagina are 
the shallow depression in front of the 
ailterior lip of the cervix and the deeper 
depression behind the posterior lip. The 
depression nins like a gutter all round 
the cervix; so, there are also a right and a 
left lateral fornix, but they are not wseen in 
siigittal section. 

15. I'he peritoneum passes from the 
s\Tnphysis on to the upptfr surface of the 



bladder, and from the third piece .of 
sacrum on to rectum, as in the male. It 
falls an inch short of the anterior fornix 
of the vagina and, therefore, leaves the 
cervix uncovered in front, but it clothes 
half an inch or more of the posterior for- 
nix (fig. 366). The peritoneum, there- 
fone, caps the posterior fornix of the 
vagina in the female much as it caps the 
seminal vesicles in the male (fig. 319.) 

The Female Pelvis Inspected from 
Above. The bladder and the paravesical 
fossae are seen in front; the rectum and 
the pararectal fossae are seen behind, as 
in the male. It is the genital organa 
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that differ in the two sexes: (a) the uterus 
and vagina situated medianly replace 
the seminal \’esicles, ampullae of the vasa 
deferentia, and prostate of the male; 
(b) tfie ovaries and their ducts (the ute- 
rine tubes), which are pelvic, replace the 
testes, which are scrotal, and their duCts 
(the \ asa deferentia) which are in part 
])elvic {jig. S57). 

The homologue of the recto-vesical 
pouch of peritoneum in the male is 
divided into an anterior and a posterior 


The ovary is attached to the back of 
the broad ligament of the uterus by a 
short “mesentery'^, the mesovarium. The 
uterine tube occupies the upper border of 
the broad ligament except at its lateral 
end. The lateral end is continued as a 
fold, the infundibulo-pelvic ligament, 
across the external iliac vessels. A cord 
of fibro-muscular tissue passes 'back- 
wards and upwards from the junction of 
the body and cervix of the uterus, past 
the rectum, to the sacrum. It helps to 



.So Female pelvis (from above). 


part by a transveise partition, formed by 
the uterus and the two folds of perito- 
jieiim, called the broad ligaments of the 
uterus, that pass from the lateral margins 
of the uterus to the side walls of the pelvis. 
The anterior subdivision is the utero- 
vesical pouch; the posterior is the recto- 
uterine pouch of Douglas. The uterus 
rests on the empty bladder and the shal- 
low uter(|(^xsical pouch is empty; the 
deeper recto-uterine pouch is occupied 
by pelvic colon and ileum. 


suspend the uterus and is called the 
utero-sacral ligament. The overlying 
crescentic fold of peritoneum is the recto- 
uterine fold. 

A round fibro-muscular .cord, the liga- 
ment of the ovary (ovario-uterine ligament), 
stands out in relief from the back of the 
broad ligament. It joins the lower pole 
of the ovary to the angle between the 
side of the uterus and the uterine tube.' 
A similar cord, the round ligament of the 
'iderus (lig. teres uteri), stands out from 
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the front of the broad ligament. It 
passes from the angle between uterus and 
tube across the pelvic brim to the deep 
inguinal ring (Jig. 358). 

The Female Internal Genital Organs 
comprise the ovaries, the uterine tubes, 
the uterus, and the vagina. 

The Ovary is about the size and shape 
of an almond and its shell. It is covered 
with cubical epithelium — not i)crito- 
neum. The pits and scars on its surface 
mark the sites of the absorbed corpora 
lutea which result monthly between the 
16th and 45th years from the shedding 
of ova. The mesovarium attaches its 


broad ligament, and in the fork of the 
internal and external iliac vessels~or 
more precisely, in the angle between the 
external iliac vein and the ureter. It is 
covered by the uterine tube which falls 
over it medially. But its position is 
variable. 

The Gubemaculum Ovarii. How 

comes the ovary to enter the pelvis? 
Just as in the male the gubemaculum 
testis passed through the inguinal canal 
into the scrotum followed by the pro- 
cessus vaginalis and the testis, so in the 
female the guhernaculwy, ovarii passed 
through the inguinal canal into the la- 
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Fig. 358. (A) Derivatives of the gubemaculum ovarii — lig. of the ovary (lig. ovarii) and round*; 
lig. of the uterus (lig. teres uteri). (B) Sagittal sectiop through broad ligament of uterus. 


anterior border to the back of the broad 
ligament. The most lateral part of the 
free edge of the broad ligament, called 
the infundibulo-pelvie lig.^ does not con- 
tain uterine tube; but it suspends the 
upper pole of the ovary from the external 
iliac artery and conducts the ovarian 
artery, vein, lymph vessels, and nerves to 
the ovary. Hence it is alternatively 
known as the suspensory ligament of the 
ovary. The lower pole of the ovary is 
attached to the lateral margin of the 
uterus by the ligament of the ovary. 

The typical position of the ovary is on 
the side wall of the pelvis, behind the 


bium majus followed by a processus 
vaginalis periU)aei (the canal of Nuck). 
But, the gubemaculum ovarii acquired a 
side attachment to the, uterus. As a 
result the ovary passed in^ the pelvis 
and drew its vessels and ffittives across 
the external iliac vessels after it. 

Jl"he gubemaculum in the female he- 
comes the ligament of the ovary and the 
round ligament of the utenis; and these 
two ligaments are all but continuous at 
their sites of attachment to. the side of 
the uterus just below the uterine tube. 
TJigj^nd ligament in the female pr^ti-r 
cally repej^^the c,w^^ tah ;||Lby the vas* 
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deferens in tho male, i o., it is.subpcri- 
toneal: it crosses the side wall of the 

r* ' 

pelvis and the external iliac vessels; and 
it turns round the inferior epigastric ar- 
tery. passes through tlie inguinal canal, 
and ends in the labium majus, which is 
the homologue of the scrotum. • 

At times the ovary does follow the 
gubernaculum into the labium majus 
It is th^n said to be ectopic. 

The Derivatives of the Duct of Muller. 
Before the sex of the embryo is apparent 
two parallel, bilaterally symmetrical, 
mesodermal tubes grow caudally in the 
subperitoneal tissue' of the posterior ab- 
dominal wall. In the urorectal septum 


persists as the appendix of the testis; 
the intermediate part disappears; the 
caudal end fuses with its fellow to form 
the prostatic utricle. The remnants of 
the Wolffian duct which persist in the 
female will be described later. 

At the moment our interest is in the 
paramesonephric ducts of Muller in the 
female. Their cranial parts become the 
uterine tubes; their intermediate parts 
fuse to form the uterus ; and their caudal 
ends fuse to fonn the upper part oLihe 
vagina, which at this stage is not 
canalized. As growth proceeds a solid 
plate of cells, the vaginal plate ^ extends 
downwards between the urogenital sinus 



Fio. 35!) Tlie development <»1 the broad ligament oi tbe uterus or ‘^mesentery of the 
Mullerian duct". 


all four tubes lit? together and their 
terminal ends, which at this stage are 
blind, bulge into the caudal i^art of the 
anterior subdivision of the cloaca, called 
the urogenital shius. Tlie 4 tubes are 
named: the right and left Wolffian or 
mesonephric ducts and the right and left 
Mullerian* or para-mesonephric ducts. 
The Wolffian ducts predominate in the 
male: they serve as sperm ducts and^on 
each side become the duct of the epidi- 
dymis, vas deferens, and ejaculatory 
duct. The Mullerian ducts predominate 
in the female: they serve as ducts for 
ova and b^ome the uterine tubes, uterus, 
and vaginw^C^^. 4^, p, 64). In the male 
the cranial end of each Mullerian duct 


and the rectum. Eventually tliis plate 
becomes canalized and joined by a right 
and a left upwardly growing diverticulum 
of the sinus to form the lower part of the 
vagina. The intermediate part of 
Muller’s duct has to pull away from the 
side wall of the pelvis in order to meet its 
fellow in the median plane to form the 
uterus. The peritoneal fold thus-formed 
is called the broad ligament of the uterus ; 
it is to be regarded as ‘‘the mggentery of 
Muller’s. duct" (Jigs. 359^^49). 

The Uterine Tube of Fallopius. The 
uterus is 2^ across at its widest part, 
which is where the tubes ^nter it. Each 
tube is about 4^'^ long. The spread, 
therefore, of the uterus and its two tubes 
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is 11 inches. This is twice the diameter 
of the pelvic inlet (5§'^). Evidently the 
tubes cannot lie in a straight line. Each 
tube occupies the free edge of the broad 
ligament, which is its mesenter 3 ^, and runs 
from the uterus upwards, laterally, and 
backwards to the side wall of the pelvis 
and there curves backwards over the 
ovary (Jig, 3(J()). 

Each tube has the following parts: 
infundibuhirny abdominal orifice ^ ampullay 
isthmus y uterine party and uterine orifice. 
The abdominal onfice 2-3 mm. in diame- 
ter, lies at tlie bottom of a funnel-shaped 
depression, the infuiidibulum. Fringes 


cular receptacle in which the fertilized 
ovum develops through embryonic and 
foetal stages into a child. It is pear- 
shaped, 3 inches long, 2 inches at its 
widest part, and 1 inch or less at its 
thickest part. It is flattened in front 
where it rests on the bladder; and it is 
convex behind. The uterine or Fallopian 
tubes enter it at its widest part. The 
broad ligaments are attached to , its mar- 
gins; the ligament of the ovary and the 
round ligament of the uterus are attached 
just below the tube. It is divided into 
three parts — a funduSy a body, and a 
cervix. The fundus and body form the 
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or fimbriae lined with ciliated epithe- 
lium, project from the infundibulum and 
encourage ova, when shed, into the tube. 
One fimbria is attached to the ovary. 
The main part of the tube is long, irregu- 
lar, and dilated, and is called the ampulla. 
The succeeding shorter part is straight 
and narrow and is (Called the isthmus. 
The uterine part passes through the 
uterine wall, which is haif-an-inch thick. 
Four longitudinal folds, bearing second- 
ary folds, project into the lumen of the 
tube, which is lined with columnar 
ciliated epithelium. 

The Uterus is the thick-walled mus- 


upper two inches ; the cervix the lower one 
inch. The fundus is the part that rises 
above the tubes. The uterine artery runs 
tortuously up the side of the uterus be- 
tween the layers of the broad ligament. 
The external os of the uterus is round in 
the virgin. It becomes a transverse slit 
guarded by an anterior and a posterior lip 
in those who have borne children. There 
is a slight angle at the junction of the 
body and cervix, so the uterus is said to 
be anteflexed. The uterus seldom lies 
in the median plane, but is deflected to 
one side or other. The potential cavity 
of the body of the uterus is triangular; the 
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uterine orifices of the tubes, which are 
aberut 1 mm. in diameter, open at the 
upper lateral angles, the internal os of the 
uterus at the lower angle. The anterior 
and posterior walls are applied to (‘ach 
oMkt. TIk' cervical canal (cavity of (he 
cervix) extends from the internal os no 
the (‘xternal os of the uterus. It is 
spindle-shaped and one inch long. 


the muscle coat except at the sides, where 
it passes on to the broad ligaments. The 
mucous coat (endometrium) is thick and 
is lined with columnar cells, many of 
which arc ciliated, and it possesses nu- 
merous tubular glands which extend to, 
or even into, th(‘ muscle (;oat. 

In the cervix the muscle bundles are 
largely circularly arranged, as at a sphinc- 
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Fig. . The female internal genitalia. For legciul see fig. 362. 


STiiucTtJUE : The uterus has three coats 
— serous, muscular, and mucous. In the 
fundus and body the muscle ebat (my- 
ometrium) is nearly Y thick and 
consists of interlacing bundles of in- 
voluntary muscle, an arrangement which, 
at tfie end of pregnamw, brings about the 
natural anjest of haemorrhage by con- 
stricting tne penetrating vessels. The 
serous (peritoneal) coat is adherent to 


ter. The mucous membrane is thrown 
into branching folds, is lined with 
columnar mucous secretipg cells, and 
possesses both simple and branched 
tubular mucous secreting glands. 

The Vagina (L. — a sheath or scab- 
l)ard) is about 1 inelies long and is ap- 
proximately parallel with the pelvic brim. 
It extends from the xuilva through the 
urogenital diaphragm to the recto-uter- 
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ine pouch of Douglas. Its anterior and 
posterior walls are applied to each other. 
Its anterior wall is structurally continu- 
ous Avith the urethra in its lower third; 
in contact with the bladder in its in- 
termediate third; and is pierced by the 
cervix in its upper third. Around the 
cervix there is a circular gutter, described 
as the anterior, posterior, and lateral 
fornices of the vagina. As the anterior 
aspect of the cervix is not covered with 
peritoneum, the anterior fornix is an 
inch from the utero-vesical pouch of 
peritoneum; but the posterior* fornix is 
clothed with peritoneum of thTe recto- 
uterine pouch of Douglas — and, note that 
an instrument, forced upwards through 
the posterior fornix of the vagina, would 
enter this peritoneal pouch. 

Each lateral fornix ivS crossed by the 
base of the broad ligament, the uterine 
artery, and the ureter. Because the 
uterus is seldom median in position, the 
ureter is less than half-an-inch from the 
cervix on one side (generally the left) 
and more than half-an-inch on the other 
{fig. 302). The posterior wall of the 
vagina is separated from the rectum by 
the recto-vaginal and rectal layers of 
pelvic fascia, and from the anal canal by 
the perineal body. The pouch of Doug- 
las is 3 from the anus. The side walls 
of the vagina are supported by the 
Lcvatorcs Ani; its lower part passes (a) 
between the anterior borders of the Leva- 
tores Ani; (b) through the urogenital 
diaphragm and its fasciae; (c) between 
the bulbs of the vestibule and the Bulbo- 
spongiosus, and (d) it is guarded by the 
labia minora and majora. {Fig. 317.) 

Structure: Like the mouth, the lower 
part of the pharynx, and the esophagus, 
the vagina is lined with stratified 
squamous epithelium. This* covers a 
tunica propria which presents numerous 
transverse folds (rugae) and papillae, and 


contains numerous lymphocytes. Out- 
side this there is a thin muscle coab^ of 
longitudinal fibres and some interlacing 
circular ones, and a thick fibro-areolar 
adventitious coat. Though the vagina 
possesses no glands, the epithelial surface 
is moist, since it receives the secretion 
from the cervical canal. The stratified 
squamous epithelium is reflected from 
the vagina on to the cervix and clothes 
it as far as the external os. 

Remnants of the (Wolffian) Meso- 
nephric Duct and Body {figs. 50, 359 ) 
persist in the female as the epoophoron, 
paroophoron, and duct of Gartner, lie- 
cause they commonly become cystic and 
cause trouble they are of clinical im- 
portance. Naturally, they arc to be 
sought for at the sides of tlie (Mullerian) 
paramesonephric ducts, now converted 
into the uterine tubes, uterus, and va- 
gina. The epoophoron (== above the egg 
basket) lies between the layers of the 
broad ligament, above the ovary. It is 
a vestigial part of the mesonephric duct 
and mesonephric tubules; it corresponds 
to the duct of the epididymis and efferent 
ducts of the testis of the male. The 
paroophoron (= beside the egg basket) 
lies hetween the layers of the broad 
ligament, medial to the ovary. It is 
formed from mesonephric tubules and 
corresponds to the aberrant ducts of the 
epididymis in the male. The duct of 
Gartner is a segment of the mesonephric 
duct which lies in front of the anterior 
wall of the vagina. It corresponds to 
the end part of the vas deferent in, .the 
m^lc. {Figs. Jfd, 50, 359.) 

It may be mentioned here that para- 
urethral glands, corresponding to pro- 
static glands, open on to the skin surface 
on each side of the urethral orifice. 

The Ureter descends on the side wall 
of the pelvis, as in the male, crossing in 
turn the external iliac vessels, the Psoas, 
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the pelvic brim, the obturator nerve, 
artery and vein, the obliterated umbilical 
artery, and the Levator Ani. It lies in 
front of the internal iliac arteiy, and it 
is crossed by the uterine artery. In the 
male it is crossed by the Wolffian duct or 
duct of the testis; so in the female it*is 
crossed by the Mullerian duct or duct of 


are in front of the anterior fornix as they 
pierce the postero-lateral angles of the 
bladder two inches apart. 

The Arteries Peculiar to the Female 
Pelvis ovarian, uterine, and vaginal. 

The Ovarian Artenj arises from the 
aorta, lik(' the testicular a., but differs 
from it in crossing th(^ external iliac ves- 



Fio. 362. The female internal genitalia. (Parts of the pubic bones and all of the bladder, 
except the trigone, have been removed,) 361. Uterus symmetrically placed (note stone in 
ureter). 362. Uterus deflected. Note the variable relations of the ureters to the lateral 
fornicesof the vagina and to the cervix. (Dissections by Dr. B. L. Guyatt.) 


the ovary which lies in the free edge of Ihe 
broad ligament (Jig, 283), 

The relations peculiar to the female 
are these: the ureter crosses the lateral 
fornix of the vagina below the broad liga - 
ment anc^terine artery, where it lies 
closer to the cervix on one side (generally 
the left) than on the other. The ureters 


sels, about half an inch in front of the 
ureter in the infundibulo-pelvic ligament 
(suspensory lig. of the ovary). It sup- 
plies the ovary and part of the tube, and 
anastomoses freely with the uterine a. 
The ovarian a. is commonly so slender 
that its duties are largely assumed by the 
uterine artery. 
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The uterine and vaginal arteries are the 
equivalents of enlarged inferior vesical 
arteries in the male {fig, 363), 

The Uterine Artery is a large vessel. 
It arises from the anterior division of the 
internal iliac a. It descends in front of 
the ureter to the base of the broad liga- 
ment and, at the lateral fornix of the 
vagina, it crosses above the ureter. 
After sending branches to the vagina and 
cervix, it continues tortuously up the 
side of the uterus between the layers of 
the broad ligament. It ends by anasto- 


OVARIAN A. 



mosing with the ovarian artery. It sends 
a branch to the round ligament. 

The Vaginal Artery descends to the 
vagina, sends branches to its anterior 
and posterior surfaces and supplies twigs 
to the bladder. 

Veins. The Ovarian Vein arises from 
the ovary as the fiampiniform plexus. 
The plexus surrounds the ovarian artery, 
crosses the pelvic brim as a single vein, or 
as several veins that soon unite, and opens 
into the i. v. cava or left renal vein accord- 
ing to the side. 

The uterine and vaginal plexuses of 


veins join the vesical plexus and pass as 
several large branches to the internal 
iliac vein (p. 348). 

The Support of the Female Pelvic 
Viscera. Externally: As in the male, 
so in the female, the thick pubic parts of 
the Lcvatorcs Ani form a sling for the 
rectum, drawing it forwards until it 
forms a sloping shelf (fig, 332), Upon 
this shelf the vagina and bladder rest. 
The pubic parts <jf the I.revatores Ani 
are also inserted into the perineal body 
and, therefore, act as a suspensory mus- 
cle for the lower parts bOth of the poste- 
rior wall of the vagina and of the anterior 
wall of the rectjim ; hence, rupture of this 
body leaves these two applied walls so 
poorly supported that tliey tend to slip 
<lowmvards. 

The urogenital diaphragm fixes the 
lower third of the vagina and assists the 
Levatores Ani to support it. 

Internally : ''I'wo fan-shaped fibro- 
muscular sheets, the right and left car- 
dined ligaments, are attached to the sides 
of the upper two-thirds of the vagina and 
supravaginal part of the cervix and form 
their chief support. These sheets blend 
with the fascia of the Levatores Ani and 
are attached with the Levatores Ani to 
the side wall of the pelvis. The posterior 
borders of the cardinal ligaments (utero- 
sacral ligs.) are free and concave and, 
like a sling, curve backwards and up- 
wards from the junction of the body and 
cervix of the uterus towards the middle 
piece of the sacrum. The rectovesical 
fascia with its contained vessels passes 
m(/dially from each side-wall of the pelvis 
and sends coverings to both surfaces of 
the vagina. The uterus is thrust for- 
wards into the anteflexed position by 
coils of ileum occup 3 ring the recto-uterine 
pouch of peritoneum, and the broad 
ligaments steady it there so that it rests 
upon the bladder The utero-vesical 
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pouch is a potential space— normally 
unoccupiod Ijy Rut. 

Slip'^ of iiivolnnt.'iry muscle everywhere 
pervade the pelvic fascia and give it a 
supf)ortirij^ value not appreciated after 
death, d'his, no doubt, accounts for 
the remark of Victor Bonney— ‘Tlie 
cardinal ligaments can only be properly 
studied in the living”. Muscular bands 
pass froiTi the inferior pul)ic ligament to 
the anterior wall of the vagina and cervix. 

THE DIFFERENCES BETWEEN THE 
MALE AND FEMALE PELVIS 

The female pelvis may be contrasted 
with the male pelvis iindfjr the following 
hpading*^: 




Female /V\ale 

Fro. 361. "I’ho inalo and fomalo hue pcdv'cs 
(colored black) as scgmCMils of cones. 


1. Features dependent on the fact that 


woman is the weaker A csseh 
2. Features related to the j)eculiar 
function of the female true pelvis and 
affecting: (a) the cavity, (b) the trans- 
verse diameter, and (c) the antero-pos- 
meter. 


V ovary whicix for the external organs of 

pi ' ’’^ent (/iff. 
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ions pccue false pelvis, and 


nabeloent on the Fact 


V': ^rter^Weaker Vessel, 
'lone.lar than men; 
other.'n stature; and 




they weigh less. For these and other 
reasons their bones, including the bones 
of the pelvis, are lighter and the ridges 
and markings for tendons, aponeuroses, 
and fasciae arc less pronounced. 

Joints. The articular surfaces of all 
joints associated with the pelvis are rela- 
tively and absolutely smaller in the 
female. In order of significance* these 
joints are: (1) the lumbo-sacral joint, 
(2) the hip joint, (3) the symphysis 
pubis, and (4) the sacro-iliac joint. The 
oval articular facet on the base of the 
sacrum and the acetabulum are both 
strikingly small. [.As a result of ‘'rheu- 
matic^' conditions there may be a broad 



Fi(, 365. Tbf' prlvi(; cavity is shallower in 
djc female and tin* subpubic angle is greater. 


rim around the oval facet on the sacrum. 
This is not to be confused with the outline 
of the articular siirface.l The synjphysis 
pubis is short. The sacro-iliac facet 
crosses the 1st and 2nd sacral vertebrae 
and encroaches on the 3rd vertebra; 
in the male it extends nearly half way 
down the side of the .‘Jrd vertebra (fiff. 
327 ). 

2. Features Related to the Peculiar 
Function of the Female True Pelvis 
(Pelvis Minor). During parturition the 
true pelvis becomes a passage for the 
child. The length of the passage and 
its diameters are modified in accordance 
with requirements, as follows: * 
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A- The Cavity: The male true pelvis 
has been described very aptly as a long 
segment of a short cone ; the female, as a 
short segment of a long cone S64y 

365)y i.c., in the male it is deep and fun- 
nel-shaped; in the female it is shallow 
and tubular. 

Diaynetera. The three diameters of the 
pelvic brim or inlet are: the nntero-posterior 
diameter (internal conjugate) measured from 
the sacral promontory to the top of the sym- 
physis pubis; the oblique diameter measured 
from the sacro-iliac joint to the ilio-pubic 



Fig. 36 b. Pelvic cavities on median section: 
male and female compared. 

eminence of the opposite .side (prior to the 
age of 16 this is the ilio-pubic synchondrosis), 
and, tlic transverse diameter mea.sured at the 
widest part of the brim, which is behind the 
centre. The diameters of the outlet are: the 
anlero-‘poslerior diameter, measured from the 
lower end of the symphysis to the tip of the 
coccyx. Its let^th depends largely upon the 
mobility of the gacro-coccygeal joint; so, it is 
very variable. transverse diameter is 

taken behintf Che ischial tuberosities. 

All diarri^ers are absolutely greater 
in the female than in the male {fig. 367), 
each of the three diameters of the inlet 
being aboijt i" greater; and the antero- 


posterior and transverse diameters of 
the outlet being about 1'^ greater. 

B. The Tiiansverse Diameter or 
Breadth is greater in the female than 
in the male. This reveals itself to in- 
spection thus: (1) The body and the 
ctest of the pubic bone are wider in the 
female than in tlie male; so, the pubic 
tu])ercles an* farther apart. (2) The 
acetabulum is approximately its own di- 
ameter distant from the .symphysis in 
the inah', but in the female it is about 
an inch more than its own diameter 
distant from the sym[)hysis. The fact 
that the female acetabulum is also rela- 
tivel}^ small acccntuatiis this characteris- 



Fig. 367. Diameters of pelvic brim: male 
and female compared. 


tic. (3) The base of the female gacrum 
is relatively wide, and, the oval facet 
on the base is relatively very small; so, 
for a two-fold rciison the alae are rela- 
tively long. In the male the oval facet is 
nearly half (43.5 per cent) the maximum 
width of the base of the sacrum and Ls 
therefore much greater than either ala ; in 
the»femare the oval facet is little more 
than a third (38.5 per cent) of the width of 
the base and is therefore approximately 
equal to the width of an ala {J'lg. 368). 
(4) The female pubic arch is almost a 
right angle; it equals the angle between 
the out-stretched thumb and the index 
finger. In the male it is an acute angle, 
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equal to the angle between the index and 
middle fingers when spread. (5) The 
female ischial tuberosities are everted. 

C. The Antero-posterior Diameter 
is^greater in th(3 female than in the male. 
This is revealed to inspection thus: (1) 



Fio. 368. Base of sacrum: male and female 
compared. 



Fia. 369. Conversion of the male outlet 
into the female enlarges the angle of the greater 
sciatic notch. 

At Ute inlet the promontory is carried 
backwards in the female. Consequently, 
the female inlet tends to be round; the 
male to be heart-shaped. (2) At the 
outlet the |^ccyx is carried backwards in 
the female, (a) by raising the hinder part 
of the iliac crest, and thereby (b) in- 


creasing the angle of the greater sciatic 
notch, which in the male is an acute 
angle, to approximately a right angle in 
the female. The addition to the male 
pelvis of a wedge of bone, whose base is 
at the greater sciatic notch and apex at 
the iliac crest, would achieve these three 
effects (fig. 369). 

3. The Attachments of the External 
Organs of Generation. In the male the 
pubic arch has an expansive flat area 
for the attachment of the crus penis; so, 
it is thick and it appears to be everted. 
In the female the area for the crus 
clitoridis, naturally; is narrow and the 
arch is thin. 


GREATER 



PELVIS 

h Yi 

! SHALLOW ! 



FORWARDS 


Fig. 370. Iliac crests: male and female com- 
pared. 


4. Features of the False or Greater Pel- 
vis and Other Features. In the male the 
walls of the false pelvis are steep and 
the anterior superior iliac spines intumed. 
In the female the false pelvis is sha.llow 
and the anterior superior spines rather 
point forwards (fig. S70). The inter- 
spinous diameter (i.e., between anterior 
superior iliac spines) and the intercristal 
diameter (i.e., between the widest parts 
of the iliac crests) is each slightly less 
(10 mm.) in the female than in the male. 
Skirting the anterior margin of the 
auricular facet on the ilium there may be 
a deep groove, the pre-auricular suIcub 
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(Derry). A shallow groove may occur in 
the male, but a broad deep groove is 
peculiar to the female. The cause of the 
groove is not obvious. 

Identification, In cases where it is 
difficult to arrive at a decision as to the 
sex of a given pelvis, greatest weight 
should be placed upon: (1) the area for 
the attachment of the ci-us penis or clitor- 
idis; (2) the angle of the pubic arch; (3) 
the size of the acetabulum; (4) the size 
of the facet on the l^ase of the sacrum 
relative to the alae; (5) the distance of 
the acetabulum from the symphysis 
pubis. 

Male and female pelves are distinguish- 
able from each other by the fourth 
fetal month, but it is not until puberty 
that sexual differences become marked. 
It is, however, not possible to tell the 
sex of all pelves. 

Types of Female Pelvis. Female 
pelves by no means all confoiTn to the 
description given above; and since for the 
obstetrician it is of practical importance 
to know the dimensions and shapes of 
the pelves of his patients, various classi- 
fications have been proposed. 

Thoms has classified the pelves of 300 
primiparous white women (delivered con- 
secutively at a hospital clinic) into four 
major groups according to the dimen- 


Percentage Incidence of Pelvic Types 
(After Greulich and Thoms) 


TYPE 

300 CLINIC 
QATIENTS 

100 NUKSES j 

107 OIKLS 
AGE 5-15 

Dolichopellic.. . 

16.3 

37 ! 

57.9 

Mesatipellic. . . 

44.0 

46 i 

33.6 

Braohypellic . . 

36.3 1 

17 

8.3 

Platypellic 

3.3 ; 

1 

1 

— 


Dolichopellic (long): a-p. diameter > 
transverse diameter. 

Mesatipellic (round); transverse > a-p. di- 
ameter by 0-1.0 cm. 

Braohypellic (oval): transverse > a-p. di- 
ameter by 1. 1-2.9 cm. 

Platypellic (flat): transverse > a-p. di-' 
ameter by 3 cm. or more. 


sions of the pelvic inlet as determined by 
X-ray. 

When the pelves of 100 nurses, who 
were superior physically and more for- 
tunate economically, are compared with 
those of the 300 women, a shift towards 
tl!e dolichopellic type is seen. When the 
pelves of 107 girls, aged 5-15 years, 
from an orphanage arc in turn compared, 
a further shift is scon. Indeed, before 
the age of 12 years over 75 per cent of 
these pelves were dolichopellic. 

The size and shape of the pelvis are 
influenced by various fadlors (hormonal, 
environmental, hereditary, and mechani- 



cal), but it is not until puberty that the 
predominantly dolichopellic pelvis of 
childhood changes to one of the adult 
types. This remoulding takes about 18 
months after which there is very little 
growth and almost no change in the shape 
of the inlet. Greulich and Thoms.) 

(Caldwell and Moloy with Todd’s skele- 
tal material as a basis, also have divided 
the white female pelvis into four major 
groups: (a) anthropoid (ape), (b) an- 
droid (male), (c) gynecoid (female) and 
(d) platypelloid (flat). Figure 371 illus- 
trates the characteristics of the pelvic 
inlet in these four different groups and 
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their percentage^ incidence. It shows the 
position of the greatest transverse di- 
ameter, nnd draws attention to the dif- 
ferences ill llu^ anterior and posterior 
scgini'iits of the inlet, to tlie size of the 
angle' (n'fro])uhic angle) of the anterior 
segini'iit, and to the lengths of the pubh- 
iliae and iliac portions. 

'I'odd made measurements ot part of 
this material when it was approx imatelv 
fresh and unmacerated, so hi.s mean 
measurements given in the accompanying 
table are of particular interest. 

t 

Average Antero-poslerior {Conjugate) and 
Transverse Diameters of the Pelvic Inlet tn 
While PemaleSf Classified^ according to the 
Four Pelvic Types of Caldwell and Malay. 

(After T. W. Todd) 


PELVIC TYPE 

1 

1 

1 NXJM- 

HEU OF 

1 CAHES 

CONJU- 
GATE 
DIAM- 
ETER IN 
CM. 

TRANft- 

VERSE 

diam- 
eter IN 
CM. 

Gynecoici 

Android 

20 

10 86 

13.70 

25 

10.59 

13.56 

Anthropoid 

19 

11.75 

12.04 

Platypelloid 

3 

8.55 

14.45 

Mixed Average for Fe- 
males ... ... 1 

1 73 , 

10.00 

13 51 

Average for Males • ■ | 

1 43 _| 

It) 10 

13.00 


THE AUTONOMIC NERVES WITHIN 
THE .PELVIS 

The autonomic nerves within the i)elvis 
arc: 

(1) the sympathetic trunks, 

(2) the hypogastric plexus, and 

(3) the pelvic splanchnic nerves. 

The Sympathetic Trunk, you wdl recall 
(p. 293), enters the abdomen behind the 
medial arcuate ligament and follows the 
origin of the Psoas. It, therefore, lies 
on the bodies of the vertebrae and is 
separated from them only by the hori- 
zontally running lumbar vessels. It 
passes behind the common iliac arteiy 
to reach 4ic pelvis. The i. vena cava 
conceals the right sympathetic trunk. 

Eaqh trunk has four or more ganglia. 


A white ramus communicans passes from 
each of the upper 2 or 3 lumbar nerves 
to the trunk; and one or more grey rami 
communicantes pass from the trunk to 
each of the five lumbar nerves. The 
rami communicantes accompany the lum- 
bar vessels laterally and backwards round 
the sides of the vertebral bodies. 
Branches (lumbar splanchnic nerves) pass 
from the trunk (or ganglia) medially to 
the pre-aortic (intermesenteric) plexus, 
which is a downward extension of the 
celiac plexus (fig. 767). 

The trunks of the two sides end in 
front of the coccyx in a median ly placed 
gapglion of no importance, the coccygeal 
ganglion (ganglion impar). The two 
trunks, therefore, converge as they de- 
scend on the bodies of the sacrum — 
i.e , they Vw medial to the anterior sa- 
cral foramina ( //r/.s*. 601^666). They send 
grej'' rami laterally to each of the sacral 
nerves and to \ hv coccygeal nerve; and a 
few" tw'igs pass medially to join the pelvic 
plexus. 

The Hypogastric Plexus or Presacral 
Nerve lies below the bifurcation of the 
aorta and in front of the left common 
iliac vein and y)romontory of the sacrum. 
It is a dowrnvard prolongation of the 
pre-aortic (intermesenteric) plexus, rein- 
forced by the lumbar splanchnic nerves. 

On each side a combined 1st and 2nd 
lumbar splanchnic joins it after crossing 
in front of the common iliac artery and 
separate 3rd and 4th lumbar splanchnics 
join it after crossing behind the artery 
(and vein). Its preganglionic cell 
stations are in the lowest* thoracic and 
upper lumbar segments of the spinal cord. 
From one to four branches enter the 
pelvis and descend in front of the sacrum 
as right and left pelvic plexuses. They 
are joined by twigs from the upper 
sacral sympathetic ganglia and by the 
pelvic splanchnic nerves. 
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The Pelvic Splanchnic Nerves (nervi 
erigentes) are most easily found Sy 
passing two fingers downwards in front 
of the body of the sacrum, easing the 
rectum forwards, and feeling in the sheet 
of areolar fascia that runs forwards on 
each side to the rectum. They spring 
from sacral nerves 2, 3, and 4. On the 
side of the rectum they join the cor- 
responding pelvic plexus, which then 
becomes mixed sympathetic and para- 


and bulb of the penis. Others pass 
below the symphysis pubis with the deep 
dorsal vein of the penis, join the dorsal 
nerve of the penis, and are distributed to 
the cavernous and spongy tissue of the 
penis. 

* h ormerly, it Avas taught that the pelvic 
splanchnic nerves and the branches of the 
hypogastric plexus arc antagonistic — or 
complementary —to each otlicr,* in that 
they maintain a balance, both supplying 


TABLE 16 

Slruclures Crossing the Pelvic Brim 

In enumoratinf^ these you should follow some system, any system will do,*and the following 
siiirtrested : 

Struotures: 

Pertaining to the G-l ’ 

Tract 

[Coils of ileum. , 

J Pelvic colon mesocolon. 

jltiferior mesentcM-ic a., v., Iymj)h vessels and nerves. 

[rTy[)ogastric plevus (to pelvic viscera generally). 


Pertaining to the body 
wall (somatic slruc- < 
tures) 

1 

f Muscles* muscles cross the brim and obstruct the p. inlet. 

I • • iTlieiefore, fascia reachi]ig the brim is attached to it. 

1 Vessel^;* sacral a. and v. llio-lurnbar a. 

i V . ». ^jjitcrnal iliac a., v., and lymph vessels. 

Peculiar to the female j 

fOvarian a , v , lymph vessels ami nerves. 

[Hound ligament of uterus. Uterus when it fills. 

Variable w ith age | 

'(’ecurn tends to glide into pelvis in the aged. 

JJladder is abdominal in children. 

«« 1 /Abnormal obturator artery and vein. 

Abnormal and variable {Ar.i.eiuli.x (commonly). 

Of morphological in- / 
tcrest \ 

Urachus, 

Obliterated umbilical arteries. 

Peculiar to race 

7 

' X- • - 


sympathetic’'. Tlie plexus forms a dense 
network applied to the medial side of 
the vessels that limit the retro-pubic 
space posteriorly. Mixed branches are 
distributed with these vessels to the 
various pelvic viscera, the pelvic splanch- 
nics constituents being the more impor- 
tant. Branches continue forwards to 
the side of the bladder and prostate; and 
beyond the prostate, branches pierce the 
urogenital diaphragm and enter the crus 


the involuntary muscles derived from 
the cloaca; that the pelvic splanchnics 
inl^ibit t+ie internal sphincters of the 
bladder and anal canal and at the same 
time cause the bladder and rectum to 
contract and expel their contents; and 
that the hypogastrics have the contrary 
effect; they cause contraction of the 
sphincters and relaxation of the walls of 
the bladder and rectum. 

It is now generally believed th^t the 
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sympathetic has no influence on the mus- 
cle wall of the bladder or urethra — except 
as stated on page 63. The parasympa- 
thetic has exclusive control. (Sheehan.) 

The pelvic splanchnics send ascending 
fibers across the left common iliac artery 
to join the sympathetic plexus on the 
inferior mesenteric artery and are dis- 
tributed with it to the d(‘scending and 
pelvic colons (Stopford). 

The pelvic splanclinics by causing re- 
laxation of the arteries to the cavernous 
tissue, which normally are in contraction, 
produce erectioh of the pemis (or clitoris) 
— ^lienee tlui original term — nerviis eri- 
gens. 

The liypogastrics, when stimulated, 
cause the epididymis, vas deferens, semi- 
nal vesi(*lcs, and prostate to cont ract and 
empty their contents; at the same lime 
the region of the neck of the bladder is 
shut off (Learmonth). ITeuee, on ejacu- 
lation, the seminal fluid is hindered from 
entering the bladder. 

Structures Crossing the Pelvic Brim. 
You will find it a profitable exercise to 
make a list of the structures crossing the 
brim. Alfhough tliey and their |)osifious 
are now known to you, it is more than 
likely that the list you compile will ha\ e 
important omissions, unless your ap- 
proach is systematic. 'Hius. you may 
name the structures encountered from 
front to back, or from back to front; or 
you may consider first the vessels, next 
the nerves, and then the viscera; or you 
may group them, as in table IG, under the 
headings gastro-intcstinal tract, * urogeni- 
tal tract, body wall, etc., which is the 
routine method adopted in this book. 

PELVIC LYMPHATICS 

The Infl||inal Glands. There is a super- 
ficial and a deep group of inguinal glands. 


( 1 ) The superficial inguinal glands 
are themselves arranged in two inter- 
communicating subgroups which are com- 
monly palpable in thin, healthy persons: 
(a) the upper subgroup lies parallel to the 
inguinal ligament below the attachment 
of Scarpa’s fascia to the fascia lata; (b) 
the lower subgroup is applied to both 
sides of the upj)er end of the long saphen- 
ous vein. (2) The deep inguinal glands 
lie medial to the upper end of the femoral 
vein, one (the gland of Cloquet) occupy- 
ing the femoral canal. 

Nearly two dozen lymph vessels leave 
the superficial and deep inguinal glands, 
pass behind the medial two-thirds of 
inguinal ligament, and end in the external 
iliac glands {fig. 372). These lymph 
vessels are arranged around the femoral 
artery and vein, some lying lateral to 
them, some in front of them, some behind 
them, and some medial to them; the 
medial ones numbering 9 or 10 pass 
through the femoral canal and may or 
may not be interrupted by the gland of 
Cloquet. {See page 37 J^.) 

The Pelvic Glands are in two groups: 
(I) those near the pelvic brim, and (2) 
those within the pelvic cavity. The 
giaqds near the brim (12 or more) afe 
(a) the external and common iliac glands, 
which are arranged as several intercom- 
municating chains around the respective 
blood vessels, and (b) the glands above 
the sacral promontorij. The glands 
within the cavity are the internal iliac, 
lateral sacral, and median sacral glands 
arranged on the respective blood vessels; 
and others in the vesical fascia, in the 
rectal fascia mainly behind the rectum 
(pararectal glands) and on the course 
of the superior rectal artery, in the broad 
ligament near the cervix uteri, and be- 
tween the prostate and rectum. 

Structures Drained. The structures 
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are drained chiefly by l3rmph vessels 
traveling to lymph glands as follows: 

The Skin op the Penis and the 
Prepuce — > with the superficial dorsal 
vein in the subcutaneous tissues to the 
superficial inguinal glands of both sides. 

The Glans Penis and the Penile 
Urethra — > accompany the deep dorsal 
vein deep to the fascia penis to the supero- 



medial group of inguinal glands of both 
sides, thence to the external iliac glands. 
Some vessels, pass without interruption 
through the femoral and inguinal canals 
to the external iliac glands. The lymph 
vessels of the glans and of the prepuce 
anastomose. 

Bulbar Urethra follows the 
pudendal artery to internal iliac gl^ds, 


and the deep dorsal vein below the infra- 
piibic ligament, thence to external iliac 
glands. 

Membranous and Prostattc Ure- 
thrae (or Whole Female Urethra) — > 
internal iliac glands. 

• Bladder (superior and infcro-lateral 
surfaces) —> follow the general course of 
the branches of the superior vesical 
ailery, vas deferens, and ureter to ex- 
ternal iliac glands lying along the medial 
side of the external iliac vein, some being 
interrupted by anterior and lateral vesical 
glands. • 

Base op the Bladder and the 
Male Internal Genital Organs (pros- 
tate, seminal vesicles, ampullae of the 
vasa) — > internal iliac glands; also to the 
external iliac glands; and on the Levator 
Ani to the sacral glands. 

Anus and Lowest Part op the 
Anal Canal by cutaneous vessels to 

the superficial inguinal glands. 

Anal canal internal iliac glands by 

vessels crossing ischio-rectal fossa with 

branches of the pudendal vessels and by 
others following the middle rectal vessels. 

Rectum (a) pararectal glands, 

thence to the superior rectal and inferior 
mesenteric glands; (b) lateral and median 
sacral glands and, (c) with the middle 
rectal artery to internal iliac glands. 

Ovary, like the testis, — ► lateral aortic 
and pre aortic glands, between the levels 
of the common iliac vessels below, and the 
renal vessels above. Owing to the ab- 
sence of a left inferior vena cava they are 
mpre accessible on the left side, here 
however, the inferior mesenteric artery 
obtrudes itself. Occasionally a vessel 
passes to a gland at the bifurcation of 
the common iliac artery. 

Uterine Tube and Fundus op the 
Uterus — > with those of the ovary, 
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ending in the lower pre-aortic and lateral 
aortic glands. They traverse the broad 
ligament and cro.s.s the pelvic brim. 

Body of Utei{(js via broad liga- 
ment to the external and common iliac 
glands and by a single vessel running in 
the round ligament to the supcro-mcdial 
group of superficial inguinal glands. 


Cervix op Uterus and Upper End 
OF Vagina with uterine and vaginal 
arteries to internal iliac glands; also to 
e.xtcrnal iliac glands, and passing close 
to the rectum to sacral glands. 

I;OWER End of Vagina and labium 
majus, like the scrotum -♦ to superficial 
inguinal glands. 



SECTION V 


THE LOWER LIMB 


CHAPTER 14 
INTRODUCTION 


The human sk(^lcton is naturally di- 
vided into two main parts: 

1. The axial skeleton — skull, vertebral 
column, ribs, and sternum. 

2. The api)endieular skeleton — upper 
and lower limbs. 

The homologous bones in the two limbs 
are: 


Upper Limb Lower Limb 


f Scapula 
Pectoral ■ Coracojd 
girdle ] process 
(Clavicle 
Humerus 
Radius and 
Idna 

Carpal bones 
Metacarpal 
bones 
Plialanges 


Ilium 1 
Ischium ( Pelvic 
( girdle 
(PubKs)J 
Femur 
Til)ia and 
Fibula 

Tarsal bones 
Metatarsal 
bones 
Phalanges 


Rotation of the Limbs. During in- 
trauterine life the thumb and radius, 
and the big toe and tibia lie on the 
cephalic borders of the respective upi)cr 
and lower limbs. The palms of the 
hands and the soles of the feet are so 
placed that the fetus could almost clap 
its hands and clap its feet. The limbs 
rotate on their own long axes, but in 
opposite directions, i.e., the thumb and 
radius rotate laterally with the result 
that the palms come to face forwards; and 
the big toe and tibia rotate medially with 
the result that the soles face backwards — 
actually doAvnwards. The elbow and 
knee flex in opposite directions. The 
front of the upper arm, forearm, and 
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palm of the hand correspond to the back 
of the thigh, leg, and solo of the foot. If 
you plac(i the palms of your hands on 
your knee.s, thf^ bones of the lower seg- 
ments of your limbs will occupy nearly 
ecpiivalent positions. 

Bony Landmarks. The following bony 
parts should be loc^atcd on the skeleton 
and palpated on the living model, which 
will likely be yourself or a fellow student: 
The anterior superior iliac spine; the 
tubercle at the widest part of the iliac 
crest, 2^ inches from the spine; the 
tubercle, crest, and symphysis of the pubis; 
the pubic arch and the ischial tuberosity 
on which you sit {f\Q. 'S73), 

A line drawn horizontally from the 
pubic tubercle will pass through the head 
of the femur below the midinguinal point 
and through the upper end of the greater 
trochanter. The greater trochanter lies 
about four inches below the tubercle on 
the iliac crest. Grasp it betw(‘cn your 
fingers and thumb. It is covered with 
the aponeurosis of the Gluttius Maximus 
and Tensor Fasciae Latae; so, it is not 
.subcutaneous but subaponeurotic. It is 
palpated with difficulty when you stand 
onione leg, but with case when you stand 
or lie down with legs well separated, for 
the aponeurosis is then relaxed. The 
body of the femur is deeply buried in mus- 
cles and is obliquely placed, as is evident 
from the fact that the heads of the femora 
of opposite sides are separated by the 
width of the pelvis while the condyles of 



372 


A METHOD OF ANATOMY 


opposite sides touch or almost touch 
at the knees. The adductor tuhcrcle^ 
through which the lower epiphyseal line 
runs, is readily felt on pressing down- 
wards and laterally at the upper part of 
the medial condyle. When the knee is 
flexed, th(3 anterior parts of the femorhl 



condyles can be felt and much of vhe 
articular surface. The epicondyks, lying 
at the centers of the posterior “discs’’ of 
the condyles (fig, Ji76)y are readily lo- 
cated. The medial epicondyle is be- 
low the a^uctor tubfercle. Palpate the 
flat, subcutaneous medial surface of the 
tibia and the anterior and medial borders 


that limit it. Then follow the medial 
surface upwards on to the medial con- 
dyle of the tibia, and follow the anterior 
border to the tubercle of the tibia. The 
patella is easily moved from side to side 
when the limb is straight and the ex- 
tensors of the knee are relaxed, as when 
you bend over a basin or when you rest 
your heel on a chair while sitting on 
another chair, and much of its posterior 
articular surface is then palpable. Place 
the fingers behind the lateral aspect of the 
knee and palpate the rounded head of the 
fibula, the neck supporting it and the 
styloid process (apex) in which it cul- 
minates. 

Superficial Structures. The Layers 
OF THE Skin, both dermis or true skin 
and epidermis, are thick and tough on 
exposed surfaces that are subject to 
pressure or friction, such as the dorsal 
aspect of the neck and trunk, the buttock, 
the latorSl aspects of both limbs, the 
ischial region, the palm, the bearing 
points of the sole of the foot; and they 
arc thin where they can be protected, as 
on the ventral (or flexor) aspects of the 
neck and trunk, flexor and medial as- 
pects of the arm and forearm, thigh and 
leg, and on the dorsum of the hand and 
foot. 

The Superficial Fascia of the lower 
limbs is continuous with that covering the 
body generally. On the front of the 
thigh it is continuous with the adipose 
layer of superficial fascia of the abdomen 
(Camper’s fascia). The deep or mem- 
branous layer of the superficial fascia of 
the abdomen (Scarpa’s fascia) is at- 
tached to the deep fascia of The thigh a 
finger’s breadth below the inguinal liga- 
ment (Poupart’s ligament) \ more 
medially it is attached along an oblique 
line that runs parallel and lateral to the 
spermatic c6rd, from the pubic tubercle 
to the pubic arch, where it is continuous 
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with the corresponding layer of fascia 
(Colics’ fascia) in the perineum (Jig, 481)- 

The amount of fat over bony points, 
such as the acromion, olecranon, knuck- 
les, and patella and under skin creases, is 
generally reduced; over the ischial tuber- 
osity and the heel the fat is imprisoned 
in much fibrous tissue. There is no 
subcutaneous fat in the eyelid, auricle, 
penis, and scrotum. On the buttocks 
large quantities of fat may be deposited; 
in the Bushmen of South Africa, the 
quantity is enormous. 

The Deep Fascia is necessarily either 
absent or very thin and areolar over 
the thorax and abdomen, as is fascia over 
such organs as the bladder and rectum 
which require to expand and contract. 
But, where it forms tubular coverings 
for the neck and lunbs, it is strong. It is 
especially strong in the lower limb. The 
portion enveloping the thigh^is called 
the fascia lata. vVccording to rule, the 
fascia lata is attached above and below 
to all the exposed bony and ligamentous 
parts it encounters; thus: above, it is 
attached round the limb to the anterior 
superior spine, the inguinal ligament, 
body of the pubic bone, the pubic arch, 
ischial tuberosity, sacro-tuberous liga- 
ment, and as the gluteal fascia it is 
attached to the sacral spines and to the 
outer lip of the iliac crest. Below, it is 
attached in front to the condyles and 
tubercle of the tibia and to varioys liga- 
ments and tendons around the knee; 
behind, it is continuous with the popliteal 
fascia. It is extremely strong laterally 
because in-between two thin layers of 
more or less circularly disposed fibers 
there runs a broad band of coarse vertical 
fibers called the ilio-tibial tract or band 
395). This tract is the conjoint 
aponeurosis of the Tensor Fasciae Latae 
(Femoris) and Gluteus Maximus.^ 

The I^ng Saphenous Vein ascends 


throughout the length of the limb, in the 
subcutaneous fat. Below the knee it is 
conspicuous in the living, hence the 
name (Saphencs, derived from the Arabic 
visible). J.t can be seen beginning at 
the medial end of the dorsal venous arch 
of the foot, passing in front of the medial 
malleolus, crossing the lower third of 
the medial surface of the tibia, and fol- 
lowing half-an-inch behind its* medial 
border as far as the knee. At the knee 



Fio. 374. Saphenous opening; long saphen- 
ous vein joining the femoral vein within the 
femoral sheath ;1ymph glands; and the attach- 
ment of Scarpa’s fascia. 


it is found on incising a hand’s breadth (or 
slightly more)* behind the medial border 
of the patella. From there it takes a 
straight course up the thigh to the 
femoral .vein which it joins about 
below the inguinal ligament. 

It anastomoses freely with the short 
saphenous vein; it communicates along 
intermuscular septa with the deep veins ; 
and it receives numerous tributaries in- 
cluding 3 superficial inguinal veins which 
accompany the 3 superficial inguinal 
branches of the femoral artery, namely, 
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(a) the superficial external pvdendal ar- 
tery which crosses in front of the sper- 
matic cord lo supply the scrotum; (b) 
the superficial epigastric artery which 
passes towards the navel; and (c) the 
superficial circumflex iliac artery which 
pas^^cs laterally below the inguinal liga- 
ment. 

The Saphenous Opening (Fossa 
Ovalis).* The long saplienoiis vein has to 
pass through the fascia lata in order to 
reach the femoral vein ; and evidently 
it is responsible for the large hole that 
exists, called t!i(' saphenous opening, for 
only in man is lliere such an opening 
ill the fascia and only in man does the 
saphenous vein ascend far above the knee. 
P\irthcr, the vein would seem to have 
dragged down the lower margin of the 
opening to its present Icv^el, for it com- 
monly hooks over it. So, to find the 
lower margin of the opening, pass the 
handle of the knife behind the vein and 
carry it upwards till arrested.- The 
saphenous opening is about long. 
Above, it reaches to the pubic tubercle. 
It is free and sharp both above and be- 
low. lis lateral border is crescentic or 
falciform, and it bhaids with some areolar 
tissue (cribriform fascia) that ('overs the 
opening; hence, it is not .sharfjly defined. 
Its medial border is continuous with the 
fascia covering the underlying roctineus 
and as such it passes Ix'liind the femoral 
vessels. ^ 

Lymph Glands. In the upper limb the 
lymph glands are situatc'd at the elbow 
a!id axilla; in the lower limb, they arc 
situated at the knet? and groin. Their 
relationships to the dcc'p fascia are re- 
versed: (a) those at the elbow (supra- 
trochlear) being superficial ; those at the 
knee (popliteal) being deep; (b) those 
at the axi^ (axillary ) being deep ; those 
at the groin (inguinal) being superficial, 
except for 2 or 3 deep ones. 


The central group of axillary glands 
can be palpated against the ribs; the 
superficial inguinal glands can be pal- 
pated against the fascia lata. The 
supratrochlear glands cannot be palpated 
in health; nor can the popliteal glands. 

The Inguinal Glands {fig, 37 Jf) are in 
two groups, a superficial and a deep. 
The superficial glands are subdivided into 
(a) an upper horizontal group that lies 
parallel to th(^ inguinal ligament below 
the attachment of the fascia of Scarpa 
to the fascia lata, and (b) a lower vertical 
group placed on both sides of the upper 
end of the long saphenous vein. The 
deep glands, one to threc^ in number, lie 
on the medial side of th(^ femoral vein, in 
and below the femoral canal. 

The lower superficial inguinal glands re- 
ceive all the superficial lymph vessels of 
the lower limb save for the few that, fol- 
lowing the .-t-hort saphenous vein, end in 
the popliteal glands. The upper super- 
ficial inguinal glands drain th(' regions 
supfdied by tiu' thn^i superficial inguinal 
blood v(‘ssels; uamcjly, the sub(‘utaneous 
tissues of tlu' anterior abdominal wall 
fallow the* navel and of the penis and 
serotum (vulva in th(‘ female and lowest 
part of the vagina) and of the gluteal 
region, peiineum, and lower part of the 
anal canal, but not of the testis (nor of 
the ovary). The deep inguinal glands 
receive the deep lymph vessels of the 
limb. These follow the femoral vessels 
and include those draining the popliteal 
glands. They also receive the lymph 
vessels of the glans penis (or clitoridis). 
The inguinal lymph glands drain into 
the external iliac glands via the femoral 
canal and via several channels that pass 
in front of and lateral to the femoral 
sheath {fig, 372). 

Cutaneous Nerves {fig. 375), The cu- 
taneous nerves of the front of the thigh 
are derived from segments L. 1, 2, 3, 4. 
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The lateral, intermediate, and medial 
cutaneous nerves of the thigh and the (long) 
saphenous nerve arc derived from the 
femoral nerve. They pierce the deep 
fascia along an oblique line that roughly 
marks the Sartorius. The posterior 
branch of the lateral cutaneous nerve 



Fra. 375. Cutaneous nerves of the front' of 
the thigh, above and below tho line of the 
Sartorius. 

passes to the gluteal region; the posterior 
branch of the medial cutaneous nerve 
extends to the calf ; and the saphenous 
nerve extends half way along the medial 
border of the foot. The other branches 
remain abo\e the knee. The lateral 
cutaneous nerve commonly arises inde- 
pendently from the lumbar plexus and 
enters the thigh close to the anterior 
superior spine. When it springs from 


the femoral nerve it enters at some dis- 
tance from the spine. The saphenous^ 
nerve comes to the surface between the 
Sartorius and Gracilis, the width of the 
Sartorius behind the adductor tubeicle. 

It gives off a patellar branch that pierces 
tbe Sartorius and arches downwards 
and laterally below the patella. A 
branch of the obturator nerve may become 
cutaneous at tho middle of tho thigh, 
medial to the Sartorius and extend to the 
calf — when present, it replaces the me- 
dial cutaneous nerve of the thigh. 



Fig. 376. The femoral sheath. 


The area of the thigh overlying the 
femoral triangle (p. 379) is supplied by 
(a) the ilio-inguinal nerve which emerges 
through the superficial inguinal jing, 
and (b) by the femoral branch of the 
genilo-femoral nerve (lumbo-inguinal n.) 
w'hich cpters the thigh as several twigs 
laleral to the femoral artery. 

The Femoral Sheath (Jig. 876). In 
the false pelvis the Iliacus and Psoas 
occupy an ossco-fascial pockety the fascia 
of which is attached to the iliac crest 
laterally and to the pelvic brim medially. 
The two muscles pass behind the inguinal 
ligament into the thigh; so, naturally their 
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fascial covering goes with them. The 
part covering the Iliacus blends loosely 
with the inguinal ligament and with the 
fascia lata; this too is natural. The part 
ciovering the Psoas is separated from the 
inguinal ligament and from the fascia 
lata the femoral vessels which here 
escape from the pelvis. The psoas fascia 
is continuous medially with the fascia 
tliat covers the Pectiiieus and extends 
upwards, in front of it, to the pelvic 
brim. The femoral artery, vein, and 
some lymph vessels are wrapped up in a 
prolongation of^ihe extraperitoneal areo- 
lar tissue which envelops the external 
iliac vessels in the abdomgn. This wrap- 
ping is the femoral sheath. The sheath 
is funnel-shaped; its lateral part lies be- 
hind the fascia lata, its medial part 
behind the saphenous opening. It has 
3 compartments — a lateral one for the 
artery, a middle one for the vein, and a 
medial one partly occupied by lymph 
vessels. It is through the rfiedial, partly 
occupied compartment that a femoral 
hernia may occair, and into it a distended 
femoral vein can bulge; this compart- 
ment is called the femoral canal. 

Tnio Femoual Ring is tlte mouth of 
the femoral canal. It is bounded later- 
ally by the femoral vein; posteriorly by 
the superior ramus of the j)ubic bom^ 
covered with a coating of Pcctineus and 
pectineus fascia ; medially by the lacunar 
ligament and the conjoint tendon, both 
of which are attached to the pectineal 
line of the pubis; and anteriorly by the 
inguinal ligament and the spermatic cord. 

To enlarge the ring in an emergency, 
(i.o., when reducing a femoral hernia), 
you dare not cut laterally into the vein ; 
it would be useless to cut posteriorly on 
to the bGn£; you would require to cut 
either tnedrahy or anteriorly {fig. 387). 


General Description of the Femtir. 
The lemur is the longest bone in the 
body, being a quarter of the stature, or 
about eighteen inches in a six foot man. 
It articulates above with the acetabulum, 
below with the tibia, and the patella 
plays on its lower end. 

Its UePER End presents for examina- 
tion, a head, neck, greater trochantefr, and 
lesser trochanter {figs. 377 y 378). The 
head forms two-thirds of a sphere, and is 
directed medially, upwards, and for- 
wards. It is much more secure in its 
socket than the head of the humerus, 
which forms one-third of a sphere and is 
directed medially, upwards, and back- 
wards. The neck is pyramidal and ob- 
liquely placed. Its apex carries the head ; 
its base abuts against the greater tro- 
chanter. In reafity, the neck is the 
medially curved upper end of the shaft, 
but the fact is masked by the presence of 
the greater trochanter {fig. 379). The 
anterior aspe(!l of the neck is flat and 
would b(j conlinuous with the anterior 
aspect of th(i shaft but for a broad, very 
rougli, obli(iue line that runs from the 
upp(‘r end of the greater trochanter 
downwards and medially to a point a 
linger’.s breadth in front of the lesser tro- 
chanter. The roughness, called the tro- 
chanteric line, is due to the attachment 
of the massive ilio-femoral ligament and 
slightly to the aponeurosis of the Vastus 
Medialis. The posterior aspect of the 
neck is convex from above downwards. 
It is separated from the shaft by a very 
prominent and rounded ridge, the tro- 
chanteric cre.sty that unites the two tro- 
chanters. The neck is buttressed below 
by a rounded strengthening bar that as- 
cends from the lesser trochanter. - In the 
child the pelvis is narrow before the blad- 
der and other viscera descend into the 
pelvis ; so, the neck and shaft of the femur 
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are nearly in line with each other. As 
the pelvis widens the neck becomes more 
horizontal and the angle between neck 
and shaft becomes smaller (125° male). 
Because the female has a wider pelvis and 
shorter femur than the male, her femur is 
more oblique and the angle of the neck 
smaller. Obviously, a long horizontal 
neck increases the range of movement 


gives atttfehment to the aponeurosis of 
the Pectineus (and to the upper part 
of the aponeurosis of the Adductor Bre- 
vis) ; the third runs upwards and laterally 
and forms the lower half of the (inter) 
trochanteric crest. The great or greater 
trochanter is the traction epiphysis, of 
the Glutei Medius et Minimus, (and also 
of the Piriformis, Obturator Intemus 
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Trochanteric 

crest 


Gluteal 

tuberoeity 


yvVed. epicond. 
line 

Adductor 
tubercle 


[-J — Lat. epicond. line 

Popliteal surface 
Lateral epicondyle 


Intercondylar notch and line 
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of the limb. The ^rnall or leaser tro- 
chanter is the traction epiphysis of the 
Ilio-psoas. It is conical ; it projects from 
the posterior surface of the bone; and 
it points medially. It does not possess 
the upward and forward inclination you 
might expect. From it, three lines ra- 
diate: one runs upwards and medially 
below the neck and buttresses it, as men- 
tioned ; the second runs downwards, 


and Gemelli, and Obturator Externus). 
The pull of the Gluteus Medius draws it 
upwards, medially, and backwards; so, 
its lateral surface is convex; its upper 
and posterior borders are free; and its 
highest point is its postero-superior angle. 
Its anterior and lateral aspects would 
be continuous with the corresponding 
aspects of the shaft but for the presence 
of a rouch line that marks the site of 
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fusion of the trochanter and ^haft (fig. 
399). A chisel driven along the upper 
border of the neck would remove the 
greater trochanter at this rough fusion 
line. I'hc aponeurosis of the Vastus 
Lateralis is in part responsible for the 
rough line in front and laterally. A tu- 
bercle, called the qvadrale tubercle, marks 
the site where this epiphyseal line crosses 
the (intef)trochantcjic crest. The part 
of the crest abo^'e the tubercle is the 
posterior free border of the greater tro- 
chanter; the part below is the upwardly 
radiating line from the lesser trochanter. 
On the medial side of the greater tro- 



Fio. 379 The nork ia the inrurveej sliaft 
to which the trochanters arc 

chanter there is a circular dei)n‘ssi()n, ihc 
trochanteric fossa, in which ilu' Obturator 
Externus is inserted. I'rom tlie fossa a 
shallow groove for the tendon of the Ob- 
turator Externus runs horizontally across 
the back of the neck (Jig. 410)- 
The Shaft or Body is slightly bowed 
forwards. Its middle two-quarters are 
approximately circular on cros.s. section; 
its upper and lower quarters are enlarged 
and are oblong on cross section, the lower 
quarter being much the larger. A broad 
rough line, the linea aspera, stands out 
from the back of the middle two-quarters 
of the shaftrfike a pilaster. The linea as- 
pera bifurcates above and below into 
diverging lines that bound triangular 


areas. The upper diverging lines are 
the spiral line and the gluteal tuberosity. 
The spiral line runs upwards and medially 
and is continuous with the (inter)tro- 
chanteric line; the gluteal tuberosity 
ascends towards the side of the greater 
trochanter and there becomes continuous 
with the epiphyseal line that runs around 
the root of the greater trochanter. ’The 
lesser trochanter projects from the tri- 
angle bounded by these lines. The lower 
diverging lines, the medial and lateral 
zpicondylar lines, descend to the epicon- 
dyles and bound a flat triangular area, 
the popliteal surface, which is limited 
below by the condyles and a rough line, 
the intercondylar line, that separates the 
area from the intercondylar notch below. 
The lower inch of the medial cpicondylar 
line curves abruptly me/lian wards to end 
in an upwardly projecting spine, the ad- 
duclor iuherclc, whiedi is easily palpated 
in life. 

The anterior and lateral aspects of 
tlie shaft give origin to the fleshy fibers 
of the Vastus Intermedins; the medial 
aspect IS bare. I’hc shaft, therefore, is 
smooth, and under the circumstances 
tliere is no f^inpose in describing medial 
and lateral boidcjrs The posterior bor- 
der is the linea aspera. Many muscles 
and three intermuscular septa crowd on 
to it and on to its upward and downward 
prolongations; hence, their attachments 
arc fibrous or aponeurotic, which ac- 
counts for the roughness of the border. 

The Lower End of the Femur is 
divided into two large knuckles, the 
medial and lateral condyles. The hinder 
parts of the condyles project backwards 
like thick discs beyond the popliteal sur- 
face (fig. 380). Between the opposed 
surfaces of these discs is a U-shaped 
space, the intercondylar notch, the width 
and depth of the thumb. At the center 
or hub of the nonopposed surface of 



THE LOWEE LIMB 


379 


each disc there is a marked fullness, the 
epicondyle, to wh’ch the medial and lat- 
eral ligaments of the knee joint are at- 
tached (see jig, Ji79), The condyles are 
covered with cartilage in front, below, 
and behind; the cartilages of the two 
sides meet in front in a V-shaped pulley, 
the patellar surface or Iroc'ilea in which 
the patella plays. The lateral lip of this 
pulley projects further forwards and fur- 
ther upwards than the medial lip. The 
lower parts of the condyles art'culate with 
the tibia and semilunar cartilages during 
extension of the knee; the hinder parts 
during flexion. 
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Fifj. 380 A (iisc-shapod oonclylc and 
(*I)ic‘ondylc 

Orientation. The condyles of the 
femur rest on the tibia as on a horizontal 
platform, ^'he head and neck are 
slightly in advance of the shaft, that is, 
they are directed forwards, as" well as 
medially and upwards. The shaft does 
not lie in a frontal plane but is inclined 
fowards above. 

EprPHVSES. The head fits like a cap 
on a spike (fg, 468), as is the case with 
the upper end of the humerus. The 
epiphyseal line encircles the articular 
cartilage except below where it shaves it. 
The greater trochanter joins the shaft along 
a line flush with the upper border of the 


neck, as described above. The lesser 
trochanter has a thick scale-like epiphysis. 

The epiphyseal line of the lower end of 
the femur bisects the adductor tubercle 
and runs through the intercondylar line, 
^shaving the cartilage at the upper end of 
the back of both condyles and front of 
the lateral one. The lower epiphysis 
possesses four shallow hollows into which 
four tubercles from the diaf)hysis fit. 
This is a primitive mammalian character. 

Quadrupeds walk with bent knees and, 
requiring greater security, have four deep 
pita into which four prongs fit (fig. 381). 
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Fir.. 381. Femur of muskrat showing two 
primitive mammalian characters. 


At birth the lower epiphysis is an ossific 
nodule a quarter of an inch in diameter. 

A third trochanter, also a primitive mam- 
malian character, is constant in certain 
rodents and the horse, and may appear 
in any. mammal including man as an 
enlarged gluteal tuberosity. Platymeria^ 
or marked antero-posterior flattening of 
the upper part of the shaft of the femur, 
is. common in primitive races. 


THE FRONT OF THE THIGH 

The Femoral Triangle of Scarpa. The 
Sides of the Triangle. The base of 
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this triangular area, formed by Poupart’s 
inguinal li^ment,' extends from the 
pubic tubercle to the anterior superior 
spine of the ilium. Its lateral side, 
formed by the medial border of the Sar- 

torius, is likewise attached to the anterior 

• 

superior spine and also to the notch 
below it. medial side is the medial 
border of tfife Adductor Longus, whose 



Fio. 382. The sides of tlio fomoral triangle: 
The course of the femoral artery. 

flattened tendon, i" wide, arises from 
the front of the body of tlic pubis and 
reaches as far laterally as tha pubic 
tubercle {Jig S82). Geometrically, the 
lateral border of the Adductor Longus 
should be regarded as forming the medial 
side of the triangle, but it is more ^H^l 
to select its medial border and, therefl^, 
to include Adductor Longus within 
the triangle. The apex is variously 4 or 
6 inches below the inguinal ligament 


according to whether the point where the 
Sarlorius crosses the lateral or the medial 
border of the Adductor Longus is selected. 

The Central and Dominant Struc- 
ture within this triangular frame is the 
femoral artery. It begins where the 
external iliac artery ends; that is, midway 
between the symphysis pubis and the 
anterior superior spine, commonly called 
the midinguinal point. It leaves the 



of subsartorial canal. 

smaller triangle, defined above, at'^its 
apex; that is, where the Sartorius crosses 
the lateral border of the Adductor Longus, 
four inches below the inguinal ligament, 
and enters the subsartorial or adductor 
canal of Hunter, It follows, then, that 
only its upper four inches lie exposed 
within the undissected triangle; the suc^ 
ceeding six inches, or remainder of the 
artery, tfavels through the subsartorial 
(adductor) canal. 

The Floor op the Triangle is a 
trough or gutter of which the medial 
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sloping wall is formed by the Pectineus 
and Adductor Longus; the lateral sloping 
wall by the Ilio-Psoas and Vastus Medialis 
{fig. 38S), The bottom of the trough is 
where these four muscles are attached to 
the femur {fig. 384). The Iho-Psoas is 
inserted into the lesser trochanter; the 
Peciineua into the pectineal line that, 
descends from the lesser trochanter to 
the linea aspera; the Adductor Longus 
into the linea aspera itself; the' Vastus 
Medialis also gains attachment to the 
linea aspera, and above the linea aspera 
it gains attachment to the spiral line, 
which winds upwards and medially in 
front of the lesser trochanter, and to the 
trochanteric line. Each of these four 
attachments is hbrous, so, each causes a 
marking on the femur. If you are wise, 
you will define and clean the attachments 
of these and other tendons and aponeu- 
roses as you meet them, and identify 
their markings on the skeleton. So 
doing greatly simplifies the work, and 
converts the drudgery of learning bones 
and muscles into an intelligent apprecia- 
tion of them {figs. 410, 41S). 

The Contents of the Triangle {fig. 385). 
The Femoral Artery happens to run along 
the bottom of this trough — along a 
boundary line that separates two inde- 
pendent motor nerve territories. The 
otituratoi^erve supplies the muscles of 
the medial territory; the femoral nerve 
those of the lateral territory. You may, 
therefore, nin your knife down the entire 
course of the artery without fear of 
damaging any motor nerve, for no motor 
nerve crosses it — save the nerve to 
the Pectineus. Tnily, the nerve to the 
Pectineus arises from the femoral nerve 
l|nd crosses the femoral artery, but it 
crosses it posteriorly at a high Jpvel. 

The Profunda Femoris Artery may arise 
from the lateral aspect of the femoral 
artery at the level of the inguinal liga- 


ment, in which case two main arterieB 
enter the limb; or it m^y arise^(j^r inches 
below the inguinal ligament, in which case 
but one artery traverses the femoral 
triangle; usually (75 per cent of cases, 
Quain), it takes origin between one and 
two inches below the ligament. It is 
only slightly smaller than t^ continua- 
tion of the femoral arter 3 HHplf, and is 
therefore no mean vessel. 



Fio 3S1 Cross beciion of thigh near apex 
of the femoral tiianglo showinR (a) attach- 
ments ol muscles to the linea aspera; (b) six 
mubcles (hatched) that span the femur, and 
(c) that a bullet might penetrate the femoral 
and profunda femoris vessels • 

The Femoral Vein lies medial to the 
femoral artery in the femoral sheath, but 
lies behind the artery at the apex of the 
triangle; so do also the profunda artery 
and vein ; all four vessels being almost in- 
sey^arabfy united in a tough areolar 
sheath. A stab, therefore, or a bullet 
wound at the apex of the triangle vould 
penetrate in succession all four vessels — 
inly vessels of any magnitude con- 
fng blood to or from the more distal 
pirts of the limb. From before back- 
awards they are — femoral artery, femoral 
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vein, profunda vein, and profunda artery 
{fig. 384). 

The Femoral Nerve enters the thigh 
slightly lateral to the artery {fig. 380); 
but in the thigh it has almost no exist- 
ence, for within an inch of its crossing the 
inguinal ligament it breaks up like a 
‘V'auda equina” into numerous motor and 
sensory strands. Two of these follow 
the artery, closely aj)j)Iied to its lateral 



Ffo. Tho cuiiteiitis of the temcrai 
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side, into the subsartorial canal; one, the 
nerve to the Vastus Medialis is motor; 
the other, the saphenous nervcy is sen- 
sory. Only one motor strand, the 7icnve 
to the PeclineuSf actually crosses the 
artery; and it crosses posteriorly. How 
can this be? Is not the Pectineus an 
adductor muscle, and should not the 
obturator ijerve supply it? Probably 
it is a comp'ifeite muscle, having a double 
origin and a double nerve supply — 


femoral and obturator. The obturator 
branch, however, is commonly absent. 
The greater part of the Pectineus may be 
regarded as a medial extension of the 
Ilio-psoas. Functionally, it is to be 
grouped with the adductors. 

At times, the adjacent borders of the 
Pectineus and Adductor Longus fail to 
lie in contact with each other, conse- 
quently the Adductor Brevis appears in 
the gap between tliem and assists in the 
formation of the medial sloping wall of 
the gutter; and the anterior branch of the 
obturator nerve, which passes in front of 
the Adductor Brevis, appears in the 
triangle Tlirough the lower end of the 



'the origins of the femoral nerve 
and artrry acooant for their relative positions. 

gap between Pectineus and Adductor 
l.ougus the profunda feinoris artery 
and vein pass {fig. 389). The medial 
femoral circumflex branch of the pro- 
funda artery passes backwards and leaves 
the triangle between Pectineus and Ilio- 
Psoas, while the lateral femoral circum-^ 
flex branch passes laterally through or 
behind the branches of the femoral nerve, 
disappears under cover of the muscles 
that arise from the anterior superipr and 
anterior inferior iliac spines (namely the 
Sartorius and Rectus Femoris), and 
breaks up into three terminal branches^ 
The femoral artery lies in front of the 
Psoas tendon. But theJPsoas tendon is 
hardly wider than the artery; so, there is 
no room on it for either the femoral 
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nerve or the femoral vein. They, there- 
fore, must lie in front of other structures. 
The nerve lies lateral to the artery and, 
therefore, in front of the lliacus; and the 
vein^ies medial to the artery and, there- 
fore, in front of the Peetincus; and the 
lymph vessels accompany the \cin. 
Hence, it may be said that the artery 
is separated from the hip joint by the 
strong, lough tendon of the Psoas; the 
nerve by the thickness of the fleshy 
lliacus; the vein and the lymph vessels 
by the tliinness of the fleshy Peotineus. 
Push the blade of the knife through these 
intervening structures in order to verify 
these statements {fig 3S7). 

The Subsartorial Canal or the Adductor 
Canal of Hunter. If Scarpa’s Femoral 
Triangle is an open trough with sloping 
sides, then Hunter’s Adductor Canal is 
to be regarded as the narrow outlet of 
this trough roofed in by the Sartorius 
and thereby converted into an inter- 
muscular tunnel, triangular on cross- 
section. It begins, therefore, 4 inches 
below the inguinal ligament and ends 4 
inches above the adductor tubercle {fig, 
S8S). Through it run the femoral vessels 
and the saphenous nerve. 

The Sartorius arises side by side with 
the inguinal ligament Irom the tip of 
the anterior superior iliac spine (and also 
from the notch below). As the area of a 
cross section of the Sartorius is greater 
than the surface of the ilium from which 
it arises, it follows that its origin must 
be fibrous- -at least in part. It is in- 
serted into the medial surface of the tibia 
below the level of the tubercle {jig, 
417), It comes into contact with the 
medial condyle of the femur immediately 
iiehind the adductor tubercle and from 
there downwards to its insertion it rubs 


ment of the knee, and the tendons of 
the Gracilis and Semitendinosus), there- 
fore, its fleshy fibers give place to tendon. 
Between it and the tendons of the Giacilis 
and Semitendinosus a bursa is interposed. 

Observations. If you measure, you 
will find that the fleshy part of the muscle 
is 18 inches long; and if you, look you 
will see that its libers run longitudinally. 
It should, therefore, on contracting, 
shorten by about 0 inches, that is by 
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Fig. 387. The relationship of the femoral 
vessels and nerve to the hip joint. 

about one-third of ihs fleshy length of 
18 inches. If you measure on your own 
extended limb the distance between the 
points of origin and insertion of the Sar- 
torius, and then while sitting d6wn, ap- 
proximate the insertion as close to the 
origin a’s possible, and measure again, 
you will find that the distance has been 
reduced by six inches. This explains why 
the Sartorius, which is the longest muscle 
in the body, requires so long a fleshy 


against resistant structures (viz., medial belly and why it needs a loose sheath in 
condyle of the femur, capsule of the knee, which to shorten and to lengthen. When 
medial condyle of the tibia, medial liga- origin and insertion are approximated, 
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the hip joint will be found to be flexed, 
abducted, and laterally rotated ; the knee 
joint to be flexed and medially rotated. 
The limbs are brought into the position 
that the tailor (sartor— a tailor) tra- 
ditionally assumes when at work. 

Nerves, The Sartorius is supplied by 
the femoral nerve in its upper third. The 
lateral, the intermediate, and the 
medial femoral cutaneous nerves some- 
times pierce it and the patellar branch 



Fia. 3S8. The femoral “troui'h’^ and ^ub- 
aartorial ’‘tunnel” and its t\^o outlets. 


of the saphenous nerve cojistanth pierces 

it. 

The Walls of the Canal. JOxcept for 
two or three inches at eacli ’ end, the 
Sartoriiis may be exci.sed or ma}^ be dis- 
placed laterally. It will then be evident 
that, were there no Sartorius, the're would 
be no femoral triangle and no subsartorial 
(adductor) canal but merely a long 
V-shaped trough whose medial and lateral 
sloping walls meet on the femur from the 
level of the lesser trochanter above to 
the adductil^ tubercle below. Connect- 
ing these two bony points are: the pec- 


tineal line, linea aspora, and the medial 
epicondylar line. The muscles of the 
lateral sloping wall of this long trough 
arc: llio-Psoas, Vastus Medialis, and Rec- 
tus Feinoris. They are supplied by the 
femoral nerve. The muscles of the 
medial sloping wall are 5 in number. 
They are adductors and, with the excep- 
tion of the Pectineus, are supplied by the 
obturator nerve. Three of them (the 
Adductores Pectineus, Longus, and Graci- 
lis) have a continuous curved origin from 
the pubic bone. [The Pectineus arises 
by fleshy fibers from the superior ramus 
of the pubis just in front of the pectineal 
line and from Cooper's ligament. This 
origin extends from the ilio-pubic emi- 
nence laterally to the pubic tubercle 
medially; the tendon of the Longus arises 
from the body of the pubis for | of an inch 
medial to the tubercle, to be succeeded 
by the aponeurosis of the Gracilis, which 
being 2'' wide extends down the margin 
of the pubic «arcli.] These three muscles 
spread out fanwise as they descend to 
their aponeurotic insertions. As a result, 
the Brevis appears in the interval between 
Pectineus and Longus; the Magnus ap- 
peals ])etween Longus and Gracilis (Jig, 
3H0), The Gracilis is inserted into the 
medial surface of the tibia deep to the 
Sartorius, and it lies immediately behind 
the Sartorius as the two cros^he medial 
femoral condyle. The Magnus descends 
to the level of the adductor tubercle. 
(Fig, 4W). 

The Contents of the Canal. In' the 
furrow between these two motor nerve 
territories run the femoral artery and its , 
branch, the saphenous artery. The 
course of these may be mapped out by a 
line joining the midinguinal point to tilt 
adductor tubercle. The upper two- 
thirds of this line maps out the course of 
the femoral artery, the lower third that 
of the saphenous artery. The femoral 
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artery becomes the popliteal artery by 
passing through a gap or hiatus in the 
insertion of the Magnus 4 inches above 
the adductor tubercle. Here fleshy fibers 
of the Vastus Medialis prevent the artery 
from coming into direct contact with the 
femur. The saplienous artery, more 
often springing from the descending 
genicular artery than from the femoral 
direct, passes in front of the remainder 
of the Magnus and becomes cutaneous 
at the medial side of the knee between 
the tendons of the Sartorius and Gracilis. 
These are the only two representatives of 
the muscles supplied by the femoral and 
obturator nerves respectively that pass 
below the knee. 

The Nave to the Vastus Medmhs ac- 
companies the femoial artery into the 
canal; and as its duty is to supply the 
muscle of the lateral wall of the canal 
it remains lateral to the artery The 
Saphenous Nerve accompanies the femoral 
artery through the femoral triangle and 
subsartorial canal; then it accompanies 
the saphenous artery to the surface, and 
thereafter it accompanies the long saphe- 
nous vein through the leg and ends ulti- 
mately half way along the medial border 
of the foot. Evidently it must cross the 
artery from lateral to medial side in 
some part of this course. It does so in 
the canal; and it crosses anteriorly. 
The saphenous nerve comes to the sur- 
face between femoral nerve territory and 
obturator nerve territory, the representa- 
tive muscles being the Sartorius and 
the Gracilis. 

It is of interest to note that in certain 
mammals the saphenous nerve, artery, 
Md vein are companion structures that 
Imerge from the canal and p^ down 
the medial side of the leg to the foot. In 
man all three are present, but only the 
nerve persists in the old route. The 
artery is but a small branch that ends 


subcutaneously below the medial con- 
dyle. The vein is peculiar in man in not 
following the artery and nerve into the 
subsartorial canal to end in the distal 
part of the femoral vein, but in extending 
up the thigh and creating for itself a 
hole (saphenous opening) in the deep 
fascia through which it gets access to the 
proximal part of the femoral vein. True, 
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Fio. 389. The muscles posterior to the 
femoral and saphenous arteries Three ad- 
ductor muscles spread fanwise to their in- 
sertions. Arteries course between them. 

it sends a communicating branch via the 
old route to the lower end of the femoral 
vein. 

■The structures entering the subsar- 
torial or adductor canal are: 

1. The femoral artery and vein. 

2. The profunda artery and vein. 

3. The nerve to the Vastus Medialis. 

4. The saphenous nerve. 

The structures leaving the canal are: 
1, The femoral artery and vein. 
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2. The vSU[)Iirn()iis nerve, artery, (and 
vein). 

The femoral vein lies medial to the 
femoral artery at the base of the femoral 
triangle, behind it at the apex of tlie 
triangle, and lateral to it where it passes 
tlirough the opening in the Adduetcft* 
Magnus into tlic popliteal fossa. 
Throughout, the two \esscls are so 
firmly l*ound togetlier in a eoinmon 
sleeve that the one cannot move without 
the other, "idic j)rofunda artcr 3 ' and vein 
(or veins), almo.st as large as the fem- 
oral vessels th(1n^elves, soon disappear 
through the gap between the Adductor 
Pectineus and Adductor Longus. 

The nerve to the V’astus Medialis 
passes far into tlic canal but, of (anirsc, 
it nunains lateral to tlie artery. The 
saphenous nerve traverses the canal and 
crosses the artery. 

An incision made from one end of the 
femoral artery to the other will not divide 
a motor nerve. The saphenous nerve 
will be cut and, more superticially, the 
medial cutaiu'ous nci\'<‘ of the tliigh will 
be cut, but both of those are sensory 
nerves. 

The Regions of the Thigh. Titeoheti- 
CALLY, the thigh may l)e regarded as 
divided into four regions, each .'.oparaled 
from its neighbour by an iid^aanuscuhir 
septum, and each containing a tiroup of 
muscles and their nerve (Jicj. S.%)). I'he 
anterior region^ supplied by the femoral 
nerve, would contain the flexors of the 
hip and also the extensors of tlie knee; 
the 'posterior region, sufiplied by the 
sciatic, nerve would contain theextensrtrs 
of the hip and also the flexors of the 
knee; the medial region^ supplied by the 
obturator nerve, would contain the ad- 
ductors of the hip; and the lateral region, 
supplied b^the superior gluteal nerve, 
would contmn the abductors of the hip. 

Actually, this scheme is departed 


from in the following main respects: Of 
the three abductors, supplied by the 
superior gluteal nerve, two (the Glutei 
Medius et Minimus) do not descend be- 
yond the greater trochanter — which is in 
fact tlieir traction epiphysis — while the 
third, the Tensor Fasciae Latac, spans the 
femur and gains attachment to the front 
of the lateral contlyle of tlie tibia and to 
the side of the patella by means of the ilio- 
tibial tract, which is incorporated be- 
tween the circular layers of the fascia 
lata. It falls to the remaining three 
groups, supplied respectively by the 
femoral, obturator, and sciatic nerves, to 
surround the femur. This they do, but 
not equally. The anterior muscles en- 
velop and monopolize the shaft of the 
femur, except along its ])Osterior bolder 
which alone is free and available to the 
medial and posterior muscles and to all 
intermuscular septa. The attachments 
of the muscles to this restricted border 
are necessarily aponeurotic; hence, the 
roughness of tln^ l;order and its name — 
tlie linen aspera. 

In addition to the ilio-tibial tract, six 
rnijscle> in all pass from the hip bone (os 
coxae) to the tibia or tibula; that is to 
sa>q tiiey span the femur but they find 
no accommodation on it. Of these six, 
one belongs to the medial group, two to 
the anterior group, and three to the poste- 
rior group {Jig. 384 — Italched muscles). 

The Quadriceps Femoris. Of the 
femoral nerve group of muscles (llio- 
Psoas, Pectineus, Sartoriiis, and Quadri- 
ceps Femoris) the Quadriceps Fertioris 
remains to be described. The four heads 
of this very powerful muscle are the 
Rectus Femoris and the 3 Vasti (Medialis, 
Lateralis, and Interinedius). Of these 
the Rectus arises from the ilium; the 3 
Vasti arise from the shaft of the femur. 

This enoi-mous muscle is inserted into 
a small area of bone, namely, to the 
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intermediate part of the tubercle of the 
tibia and to the two diverging lines 
ascending from it; so, it follows that the 
insertion must be tendinous. Where the 
tendon plays across the front of the lower 
end of the femur a sesamoid bone, the 
patella, is developed. The portion of the 
tendon distal to the patella is called the 
ligamentum patellae. The patella does 
not lie in front of the knee joint- -in 
front of a space where it would be func- 
tionlcss — but, liKe other sesamoid bones, 
it plays upon the end of a bone. 

The Ilio-Psoas acts on the hip joint, 
the Vasti on the knee joint, the Pectus 
both on the hip anri the knee. These 



three may be compared and contrasted 
with the Coraco-brachialis, Brachialis, 
and Biceps which act upon the shoulder 
and elbow joints. 

The Rectus Femoris {fig, 383) has a 
tendinous origin that is practically co- 
extensive with, and is immediately super- 
ficial to, the iliac attachment of the 
ilio-fcmoral ligament of the hip joint, 
both being attached to the anterior in- 
ferior iliac spine and to the acetabular 
margin for an inch behind it. There is a 
slight interval between the spinous and 
acetabular origins of the Rectus which 
are known respectively as the straight and 
reflected heads (Jig, 437), 

Note. If a finger be passed behind the 
lateral border of the Rectus and carried 


upwards until arrested, the finger nail 
will, of course, lie on the ilio-femoral liga- 
ment of the hip joint. Moreover, the 
finger is working in an internervous line, 
in the boundaiy line between muscles 
supplied by the femoral nerve and mus- 
cles supplied by the superior gluteal 
nerve. In fact, if an incision be made 
vertically downwards from the anterior 
superior spine, the Sartorius ^may be 
pulled medially, the Tensor Fasciae I.atae 
laterally, and the anterior inferior spine 
exposed; thereafter, the Glutei Medius et 
Minimus may be pullech baclavards, the 
Rectus forwards, and the hip joint ex- 
posed. The jjosterior branch of the 


A.S.Sp. 



thigh: theoretical and actual. 

lateral cutaneous nerve of the thigh and 
(tho transverse and ascending) branches 
of the lateral circumflex vessels wdll be 
encountered, but no motor nerve crosses 
this line. 

The tendinous insertion of the Rectus 
is attached to the upper border of the 
patella; some fibers, however, pass across 
the front of the patella and join the liga- 
mentuni, patellae. In a fractured patella 
these fibers may be torn below the level 
of the fracture, turn in, and prevent union 
of the fragments. 

Though the Rectus Femoris and the 
Sartorius arise and are inserted close to- 
gether, the course they take and conse- 
quently their actions and internal struc- 
ture or architecture are very different^ 
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The SartoriuH has been discussed p. 383. 
The duty of tlic Rectus Femoris is to 
assist in extending the knee. This it 
does by pulling on the patella. The 
patella can make an excursion of about 2 
inches tJiis you can decide on your 
own limb — so, the fibers of the Rectift 
require to be only 4-6 inches long. It is 
unnecessary for them to run through the 
length of the muscle. They arise from 
the front of the tendon of origin, div^erge 
from each other in bipennate manner, 
turn round the borders of the muscle, 
and end behind in the tendon of insertion. 
By this arrangement the Rectus in- 
creases the number of its libers and 
therefore its power; but owing to the 
shortnessof its libers its range of contrac- 
tion is not great. The Rectus also assists 
in flexing the hip joint; and next to the 
Ilio-psoas is its most powerful flexor, but 
its orgin is so close to the acetabulum 
that no great increase in length o/ fiber is 
necessary. 

The Three Vasti clothe the shaft of the 
femur. The Vastus intermedins arise.s 
by fleshy fibers from the anterior and 
lateral aspects. No muscle arises from 
the medial aspect, but the Vastus Media- 
lis overlies it. The Vasti Lateralis ct 
Medialis arise largely by aponeuroses 
from the lateral and medial lips respec- 
tively of the linea aspera as well as from 
the upward and downward continuations 
of these lips: that is to say, above they 
diverge along the gluteal and spiral lines 
respectively, pass below the greater and 
lesser trochanters respectively, and meet 
in front on the (inter)trochanteric line. 
Below they diverge along the lateral and 
medial epicondylar lines, from which and 
from the respective intermuscular septa 
they arise. And, of course, they are in 
part responrible for these lines. 

For reasOTs given with the knee joint, 


the precise insertions of the Vasti are 
worth noting (p. 462). The Vasti Me- 
dialis et Lateralis are continuous at their 
insertions, and they occupy a plane be- 
tween the Rectus Femoris and Vastus 
In termed ius, and all four are inserted 
into the base of the patella. The 
Medialis is attached to the upper | of the 
medial border of the patella and 'only 
slightly to the base, while the Lateralis is 
attached to the remainder of the base and 
only slightly to the lateral border. The 
fibers of the medial and lateral Vasti are 
obliquely set and numerous. They 
arise largely by aponeuroses and are in- 
serted by aponeuroses. 

When the fleshy fibers of the Vastus 
Medialis are detached from the tendon 
of the Adductor Magnus and from the 
medial intermuscular septum, the de^ 
scejiding (highest) ge/nicular artery is seen 
descending on the septum to reach the 
joint. It is the last 1 ranch of the femoral 
artery, and it often has a common origin 
with tlie saphenous arterj\ 

Distribution of the Femoral Nerve 
(L. 2, 3, 4). The Motor Distribu- 
tion (fuj. The Psoas is supplied 

by the roots of the femoral nerve. The 
Iliacus is supplied while in the iliac fossa. 
The Pectineus is supplied near its lateral 
border by a twig that passes behind the 
femoral sheath. The Sartorius and Rec- 
tus Femoris are each supplied by a branch 
whose twigs enter them from 3-6 inches 
from the anterior superior spine. TAs 
Three Vasti receive short, stout branches 
at their upper ends. The Vasti Medialis 
and Lateralis each receive one long 
branch also, which enters their respective 
anterior borders near their middles. The 
long branch to the Lateralis follows the 
descending branch of the lateral femoral 
circumflex artery along the anterior 
border of the muscle and serves as a 
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guide to it. And, it lies lateral to the 
artery, as you would expect from a con- 
sideration of the locations of the parent 
stems. The long branch to the Medialis 
runs along the lateral border of the 
femoral artery far into the adductor 
canal. A slender twig runs on the femur 
along the medial border of the Intcr- 
medius and supplies its most distal fibers, 
called the A rticularim Genv. These fibers 
are attached to the synovial capsule of 
the knee. Their purpose is to retract 
the capsule during extension of the knee 
thereby preventing it from becoming 
nipped. 

The Cutaneous Distribution. (Fig. 
375). 

The Vascular Distribution. The 
femoral nerve supplies the' part of the 
femoral artery in, the subsartorial canal, 
but not the part in the femoral triangle. 
This is supplied by an extension of the 
plexus on the common and external iliac 
arteries. 

The Articular Distribution. The 
nerve to the Rectus Femoris sends a twig 
to the capsule of the hip joint. The 
nerves to the three Vasti send twigs to 
the capsule of the knee joint and the 
saphenous nerve sometimes does so. 

GENERAL DESCRIPTION OF THE 
HIP BONE 

The hip bone (os coxae) is a large 
irregular bone which, because it bears no 
resemblance to any common object, is 
often called the innominate bone. The 
hip bones of opposite sides articulate 
with each other in front at the symphysia 
pubis and with the sacrum behind at the 
respective sacro-iliac joints. The two 
hip bones, the sacrum, and the coccyx 
comprise the pelvis. When studying 


these bones you should hold them in 
correct orientation (p. 331). 

Component Parts. The hip is com- 
posed of three elements —ilium, ischium, 
and pubis. These three meet at the 
cup-shaped cavity for the head of the 
femur, called the acetabulunif and are 
there united by a triradiate cartilage 
until the sixteenth year, when fusion 
takes place (fig. 391). 


Ilium. 



Os 

iscKii 


pubis 


Fk;. 391. A youiiK hip bone. 


The ilium, or bone of the flank, is a 
flat bone ; the ischium, or bone of the hip, 
and the pubis, or bone covered with 
hair at puberty, are irregular V-shaped 
bones. The ilium lies above the ace- 
tabulum; the ischium behind and below; 
the pubis in front and below. The pubis 
and ischium surround a large oval 
foramen,, the obturator foramen; this lies 
below the acetabulum and is closed by 
a membrane, the obturator membrane, 
except in its upper part where the 
obturator vessels and nerve escape from 
the pelvis. The site of fusion of ilium 
with pubis is conspicuous in front of the 
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pelvic brim as the ilio-pubic eminence; 
the site of fusion of ilium with ischium 
within tlic pelvis {fig, 329) and on the 
posterior nspeet of the bone is marked 
by a detectable line; a constriction 
denotes where pubic and ischial rami 
fuse below the obturator foramen about 
the eighth year to form a conjoint 
ramus. 
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Fig. 392. The gluteal aspect of tlio hip bono. 


SuKFACES. The hip bone, considered 
as a whole, has two surfaces an inner 
and an outer: 

(1) The inner or pel\ie surface is 
described on page 328. 

(2) The outer surface is divisible into 
three regions — the gluteal asfject, the 
adductor aspect, and the acetabulum,^ 

The Gluteal Aspect (Postero- 
lateral Aspect) of tub Hip Bone 
(Jig. 302). This aspect is wide ahovo and 
is there bounded by the whole length of 
the iliac crest. Below, it is parrow and 
forms the ^fcwcr part of the ischial tu- 
berosity. It can be subdivided into three 


obviously different areas : (1) above is the 
fan -shaped dorsum ilii^ (2) below is the 
rough, oval ischial tuberosity, and (3) 
between these is a large quadrate area, 
the dorsum ischii. The dorsum ischii is 
bounded laterally by the acetabular 
margin, and medially by the margin of 
the greater sciatic notch which ends 
below in the isehial spine. 

The Adductor Aspect (Anterior 
Aspect) of the Hip Bone. This com- 
prises the anterior aspect of that part of 
the bone which surrounds the obturator 
foramen, exclusive of the acetabulum. 
It is limited above by the pelvic brim; 
medially by the symphysis pubis and 
medial border of the pubic arch; postero- 
inferiorly by the lateral border of the 
isehial tuberosity, and postero-superiorly 
by the iliopubic eminence. It comprises 
the entire outer aspect of the pubic bone 
and ischial ramus and the lateral surface 
of the ischial tuberosity (i.o., the pillar 
of bone supporting the acetabulum). It 
affords origin to the adductor muscles 
and atlachment to the Rectus Abdominis, 
Pyraniidalis, and aponeurotic sheath of 
the Rectus. 

'The Acetabiu.um is described on 
page 454. 

The Ilium (os ilii) is fan-shaped, the 
handle of the fan being below, where the 
ilium joins the ischium and pubis. The 
upper border, the iliac crest, is arched and 
is simioiis like the clavicle of its own side, 
being convex forward-: in its medial part, 
concave in its lateral. And, like the 
clavicle, it is subcutaneous, palpable 
throughout, crossed by cutaneous nerves, 
but not by muscles (there being no 
Platysma hero); so, the deep fascia is 
attached to it. In front it ends in the 
rounded anterior superior iliac spine 
(A.S.Sp.), behind in the sharp posterior 
superior iliac spine (P.S.Sp.), and from 
its most lateral point (about 2j" behind 
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the A.S.Sp.) a broad tubercle projects 
downwards. The pul) of the abdominal 
muscles creates a traction epiphysis 
on the crest. The anterior border extends 
from the anterior superior spine to the 
iliopubic eminence and is deeply concave. 
The concavity is subdivided into two 
nearly equal lesser concavities by the 
anterior inferior spine, which, being the 
site of attachment and pull of the straight 
head of the Rectus Femoris, possesses an 
epiphysis. The posterior border extends 
from the posterior superior spine towards 
the ischial spine. It is subdivided into 
two unequal concavities by the posterior 
inferior sjnnc which lies at the posterior 
limit of the sacro-iliac joint. The upper 
concavity is slight; the lower one forms 
the upper part of the V-shaped greater 
sciatic notch. 

Of the 2 surfaces of the ilium: (a) the 
inner is divided into — an iliac fossa, a 
tuberosity, an auricular surface, and an 
area within the true pelvis {figs. 329 and 
335) \ and (b) the outer is the dorsum 
Hit. 

The Dorsum Ilji or gluteal surface 
of the ilium is wavy, being convex in 
front in conformity with the shape of the 
iliac fossa and concave behind because of 
its relation to the auricular surface and 
tuberosity (fig. 335). This surface is 
crossed by three rough lines, the inferior, 
middle, and posterior gluteal (curved) 
lineSy which give attachment to apo- 
neuroses and subdivide the dorsum into 
4 a reas : th e areas f or th e G 1 u teus M i n i m us 
and Gluteus Medius are extensive and 
equal ; the restricted area remaining behind 
the Medius is for the Gluteus Maximus and 
slightly for the sacro-tuberous ligament; 
the restricted area between the Minimus 
and the acetabular margin has a broad 
linear marking for the iliofemoral liga- 
ment and reflected head of the Rectus 
Femoris. 


The Ischium (os ischii) has 3 parts-’ a 
body adjoining the ilium, a tuberosity 
projecting downwards from the body, 
and a ramus (inferior ranius) passing 
from the tuberosity upwards and for- 
wards below the obturator foramen. 

The Body is triangular on cross-section 
and has 3 surfaces separated by 3 bord- 
ers. The borders are parts of the 
margins of the (a) obturafor fpramcn, 
(b) acetabulum, and (c) greater sciatic 
notch. The surfaces are; (a) medial or 
pelvic (p. 328), fb) lateral or acetabular 
(p. 454) and (c) gluteal or posterior. 

The Gluteal Surface of the Body or 
‘^dorsum ischii’^ lies between the ace- 
tabular margin *and the greater sciatic 
notch. Above, it is continuous with the 
dorsum ilii; below, with the ischial 
tuberosity. Together with a small por- 
tion of the ilium just above it, it forms a 
quadrate, slightly convex surface. This 
the sciatic nerve and other structures 
cross.. 

The Tuberosity' or Tuber Ischii 
is the oval mass of bone from which the 
hams arise; so, it is rough and has an 
epiphysis (fig. It has a medial 

and a lateral border. The upper part 
of the medial border has playing across it 
the tendon of the Obturator Internus; 
so, it is smooth, concave, covered with a 
bursa, and forms part of the lesser 
sciatic notch. The low'cr part of the 
medial border is a rough line or crest for 
the attachment of the sacrotuberous 
ligament. 'P^latcral border gives fleshy 
origin to tllPQuadratus Femoris. Be- 
tween this and the acetabulum there is 
a deep grooye occupied by the Obturator 
Externus. ' 

It is convenient and sufficient to extend 
the term “tuberosity^' to the entire mass 
of bone beUween the tuberosity, as de- 
scribed above, and the obturator fora- 
men — that is, to the pillar of bone below 
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the acetabulum. The tuberosity, in 
this sense, is triangular on cross-section 
and has three surfaces — tuberosity proper 
(posterior), f^elvic (medial), and adductor 
(lateral). This pillar of bone is variously 
described as the lower part of the body 
of the ischium and as the superior ram ns; 
but, whatever its designation may be, 
its chief functions are to support the body 
when lotting and to give origin to the 
hams. 

The sciatic notches, greater and lesser, 
extend from the posterior inferior iliac 
spine to the isoiiial tuberosity. They are 
separated from each other by a beak- 
shaped process, the ischial spine. This 
gives attachment to the sacrospinous 
ligament, and it is grooved below by the 
tendon of the Obturator Intemus. A 
strong band (part of the sacrotuberous 
lig.) bridges the gap between the medial 
border of the tuberosity and the posterior 
superior spine; it affords origin to the 
Gluteus Maximus; and, with the sacro- 
spinous ligament, it converts the sciatic 
notches into sciatic foramina {figs. SS5, 
363). 

The Ramus of the Ischium ls a 
flattened bar that springs from the tuber 
ischii, making with it a V-shaped bend. 
By uniting with the inferior ramus of the 
pubis it forms the conjoint ramus of the 
ischjum and pubis. The conjoint rami 
of the two sides constitute the pvbic 
arch. Each conjoint ramus has two sur- 
faces, an inner and an outer, separated 
by two borders, a lateral and a medial. 
The lateral is part of the obturator 
margin; the medial is part of tbe medial 
border of the pubic arch. 

The Pubis (os pubis) (Jig. 393) has 3 
parts — a body lying medially, a superior 
ramus passing upwards and laterally from ' 
the body^ and an inferior ramus, de- 
scending mm the body and forming part 
of the pubic arch. 


The Body is a squarish plate which 
articulates with its fellow at the symphy- 
sis. It has two surfaces: (a) a smooth 
inner or pelvic which supports the 
bladder and faces postero-superiorly, and 
(b) an outer which faces antero-inferiorly 
and is rough for tendinous attachments. 
Its medial border is the symphysis pubis. 
This is elliptical, covered with cartilage, 
and deep. Its upper border is the 
pubic crest; this is about 1" long, smooth 
and thick; it ends laterally at the pubic 
tubercle. Its lateral border is the margin 
of the obturator foramen. Lateral to 
the pubic tubercle the body is continuous 
with the superior ramus; below the 
level of the symphysis it is continued as 
the inferior ramus. 

The Superior Ramus is a three-sided 
pyramid. The apex is continuous with 
the body medial to the pubic tubercle. 
The base forms a fifth of the articular 
part of the acetabulum and there fuses 
with the ilium and ischium, the site'being 
marked above by the iliopubic eminence. 
The 3 borders are formed by 2 lines that 
diverge from the pubic tubercle: (a) one, 
the pectineal line, is that arc of the pelvic 
brim that extends from the pubic tubercle 
to the iliopubic eminence the reasons 
for its sharpness are given on page 328; 
(b) the other line is the spiral margin 
of the obturator foramen. This margin 
begins at the pubic tubercle outside the 
pelvis and ends near the iliopubic emi- 
nence' inside. The two ends of the spiral 
bound the inferior grooved surface of the 
ramus and account for two borders. 
The segment of the spiral that extends 
from the pubic tubercle to the acetabulum 
is a strengthening bar, called the obturator 
crest. The 3 surfaces are— pelvic, pec- 
tineal, and inferior. The pelvic surface is 
separated from the pectineal surface by 
the pectineal line; the pectineal surface 
is separated from the inferior surface by 
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the obturator crest. The pectineal sur- 
face is triangular; it extends from pubic 
tubercle to iliopubic eminence; and it 
faces antero-superiorly. The Pectincus 
arises from the whole length of the hinder 
part of this surface and overlies the 
anterior part. The inferior surface is the 
wide groove between the two ends of the 
spiral; in it run the obturator vessels and 
nerve. 

The Inferior Ramus of the Pubis 
is the body prolonged downwards for 
half an inch to join the ramus of the 
ischium at a constriction. 


Groove for Iho-psoas 



Function. When sillingy the super- 
imposed weight of the body is supported 
by the ischial tuberosities; it is then the 
function of the pubic arch and bodies of 
the pubes to stabilize the ischia, prevent- 
ing them from being forced together and 
from being forced apart. When stand- 
ing, the weight is transmitted through the 
ilia and across the acetabula to the 
femora; it is then the function of the 
superior rami and the bodies of the pubes 
to act as a strut, preventing the ilia from 
being forced together; i.e., they perform 
the function of clavicles; in the specimen 
depicted in figures 333, 334 they failed 
to do so effectively. 


THE GLUTEAL REGION 

The gluteal region is bounded above 
by the iliac crest and below by the lower 
border of Gluteus Maximus, In study- 
ing this region full use should be made 
of the bony landmarks that obtrude 
themselves and of certain simple lines 
that connect them. 

Bony Landmarks. The whol^ length 
of the iliac crest, including its anterior 
superior spine, tubercle, highest pointy 
and posterior superior spine, is readily 
palpated. The iliac cr^st is palpable 
because it is subcutaneous, or in other 
words, because neither muscle nor tendon 
crosses it; and "being subcutaneous the 
deep fascia of the region is attached to it. 
There is no deep fascia enveloping the 
abdomen. If there ivere, it also would be 
attached to the iliac crest. Branches of 
the posterior rami of the first 3 lumbar 
nerves cross the crest at the lateral 
border of the Sacro-spinalis, and the 
lateral branches of the anterior rami of 
the last thoracic and first lumbar (ilio- 
hypogastric) nerves cross it, one in front 
of the tubercle and the other behind it. 
The tubercle lies at the most lateral part 
of the crest, and, therefore, at the highest 
part visible from the front (fig. 394), 
The anterior and posterior superior spines 
cannot be missed. The posterior spine 
(or rather a flat elevation that lies a little 
above it and gives attachment to part of 
the sacro-tuberous ligament) lies at the 
bottom of a hollow. A line or the edge 
of a folded towel joining the highest 
points on the iliac crests crosses the 
lumbar spine, and is the guide to it. 
A line joining the posterior superior spines 
crosses the 2nd sacral spine and marks the 
bottom of the dural and arachnoid sacs 
with the contained cerebro-spinal fluid. 
Produced laterally, this line obviously 
must cross about the centre of the sacra- 
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iliac articulalioriy because the auricular 
surface of the ilium articulates with the 
1st, 2rid, and 3rd pieces of the sacrum 
and of these the 2nd is, of course, the 
middle (//(/. 327). The top of the greater 
(great) trochanter lies a hand’s breadth 
below the tubercle of the iliac crest (p. 
371). A line drawn horizontally at the 
level of the ischial tuberosity crosses the 
lesser trdchanter of the femur, and, as will 
appear later, indicates the interval be- 
tween the borders of the Quadratus 
Femoris and Adductor Magnus. As one 



Fio. 394. Bony landmarks of the gluteal 
region. 


these two points, namely, the portion of 
the dorsum ilii between the posterior 
gluteal line and the iliac crest, the back 
of the sacro-tuberous ligament [The 
upper 3 pieces of the sacrum are en- 
gaged in the sacro-iliac joint and, so, are 
not available.] and the back of the lower 
2 pieces of the sacrum and the coccyx. 
When well developed the Gluteus Maxi- 
mus spreads along the lateral lip of the 
iliac crest towards the origin of the Ten- 



does not sit on the lower end of one’s 
vertebral column but on one’s ischial 
tuberosities, it folIow^s that the coccyx 
does not descend so far as the tuberosities. 
The tip of the coccyx is readily felt in 
the furrow between the buttocks about 
behind the anus. 

The Gluteus Maximus. This very 
coarse-grained muscle is rhomboidal, that 
is to say, it is an oblong whose opposite 
borders are parallel, but whose angles are 
not right angles (fig. 396). It arises from 
the postqjjor superior spine and the tip 
of the coccyx, and from the available 
bony and ligamentous structures between 


Fig. 395. Outline of Gluteus Maximus. 
The lower border of the Piriformis is the key 
line of the gluteal region. 

sor Fasciae Latae; and, because there 
is no more unoccupied bone in the neigh- 
bourhood, any further origin must be 
from adjacent fasciae; for example, the 
fascia covering the Gluteus Medius and 
the lumbar (lumbo-dorsal) fascia. 

The lower border of the Gluteus Maxi- 
mus extends from the tip of the coccyx 
across the ischial tuberosity and onwards 
to the shaft of the femur, w^hich it reaches 
at the junction of its upper one-third 
and lower two-thirds. The tuberosity, 
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though covered by the Maximus when 
you stand up, is uncovered when you sit 
down ; i.e., you do not sit on your Gluteus 
Maximus; fleshy muscle fibers could not 
survive such abuse. There is a thick 
mass of stringy fibrous tissue between the 
tuberosity and the skin on which you rest 
when sitting, and in it a bursa may be 
embedded. The upper border of this 
rhomboidal muscle is, of couise, indicated 
by a line drawn from the posterior supe- 
rior spine parallel to the lower border. 
This line passes about one inch above the 
greater trochanter. 

The deep fascia covering the Gluteps 
Maximus is weak, as is deep fascia cover- 
ing flat muscles in general, e.g., Pectoralis 
Major and Trapezius. 

One quarter of the Gluteus Maximus — 
the deep portion »f the lower half — is in- 
serted into the gluteal tuberosity of the 
femur, whereas three quarters end in a 
bandlike aponeurosis which meets and 
joins a similar bandlike aponeurosis of 
the Tensor Fasciae Latae, distal to the 
greater trochanter, to form the ilio-tibial 
tract or band. Now, the ilio-tibial tract 
descends between the circularly disposed 
layers of the fascia lata to be attached to 
the lateral condyle of the tibia well in 
front of the axis of the knee joint. Verti- 
cal fibers of the fascia lata are continued 
upwards, proximal to the greater tro- 
chanter, to be attached to the iliac crest 
between the anterior superior spine and 
the tubercle; hence, the qualifying term, 
ilio-tibial, applied to the tract. This 
upper part of the tract holds the apo- 
neurosis of the Gluteus Maximus in posi- 
tion and it gives origin to the anterior 
part of the Gluteus Medius. 

Owing to the fact •that the tract is at- 
tached in front of the axis of the knee 
joint (Jig. 479), it assists in maintaining 
the knee joint in the extended position. 
Of this you can easily satisfy yourself 


thus : — while sitting down with your 
limbs extended in front of you, raise your 
heel off the ground and by palpation note 
that the anterior border of the ilio-tibial 
tract, which runs longitudinally a finger's 
b/eadth behind the lateral border of the 
patella, becomes prominent and taut, 
only to become slack and indistinct again 
when your heel touches the ground once 
more. 

Many fibers of the Maximus running 
in the ilio-tibial tract pass into the lateral 
intermuscular septum and thereby gain 
attachment to the lateral lip of the linea 
aspera and to the lateral epicondylar 
line; hence theJ’act that the lateral epi- 
condylar line is so much better marked 
than the medial epicondylar line. Where 
the Gluteus Maximus plays across the 
hard, resistant surface of the greater tro- 
chanter, its fleshy fibers must, in accord- 
ance with general laws, give place to an 
aponeurosis; and, intervening between 
this aponeurosis and the trochanter 
there must be a bursa (fig, 402), And 
between the aponeurosis and the fibrous 
origin of the Vastus Lateralis there is a 
second bursa. The greater trochanter is, 
therefore, not merely subcutaneous; it is 
also subaponeurotic. 

The Gluteus Maximus is the great ex- 
tensor of the hip joint. As such, it is 
brought into action in climbing, walking 
upstairs, and nmning; but it is not re- 
quired in gentle walking. It is also a 
lateral rotator. 

The Door to the Gluteal Region. 
Before exposing the structures deep to the 
Gluteus Maximus, you should understand 
that there is but one door through which 
all vessels and nerves must pass on leav- 
ing the pelvis to enter the gluteal region. 
The door is the greater sciatic foramen; 
it might well be called the ^^PorlQ}\ The 
Piriformis itself enters by this door. 
Some vessels and nerves enter the glu- 
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teal region above the Piriformis; others 
enter below the Piriformis — but they all 
enter through the greater sciatic fora- 
men. Some having entered, at once dis- 
appear through the lesser sciatic fora- 
men into the perineum — but they ma^e 
their entry through the greater sciatic 
foramen. The Obturator Internus is the 

Sup. gluteal a.arwdliv 

Posterior 
superi^ ‘ 
spin-e 


mid 

poiYvt 


Tip 


PuderN,dal 
o:. aYxdrv,. 


n. to Obturator 
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rx. of tKigK 

Sciatic rxerve 

Fto. 396. StructurcM pa.s.sing through the 
*‘door'* to the gluteal regioii nerve to Quad- 
ratus Femoris is hidden by sciatic nerve. 

only structure entering by the lesser 
sciatic foramen. Some of the small ves- 
sels taking part in a feeble anastomosis 
behind tl^e neck of the femur (the cruciate 
anastomosis) reach the region through 
or between the muscles of the neighbour- 
hood. 

The structures entering at the Umer 
border o/yhe Piriformis are, working 
iatero-medially {fig, 396) : 



Sciatic nerve, which hides nerve to 
Quadratus Femoris. 

Inferior gluteal nerve. 

Inferior gluteal vessels. 

Posterior cutaneous nerve of thigh. 

Nerve to Obturator Internus. 

Internal pudendal vessels. 

(Internal) pudendal nerve. 

The lateral 5 of these are in dontact 
with the dorsum ischii. The medial 3 
cross the ischial spine or the sacrospinous 
ligament, pass through the lesser sciatic 
foramen, and find themselves in the 
perineum between the Obturator Inter- 
nus and its fascia. There the nerve to 
the Obturator Internus enters its muscle; 
the pudendal vessels and nerve run for- 
wards in the pudendal canal. 

The structures entering at the tipper 
border of the Piriformis are: 

Superior gluteal vessels. 

Superior gluteal nerve. 

It is, then, apparent that the borders 
of the Piriformis — and especially its 
lower border— serve as the guides to 
these structures. Fortunately, the lower 
border is easily and accurately indicated 
on the skin surface by a line joining the 
midpoint between the posterior superior 
spine and the tip of the coccyx to the top 
of the. greater trochanter. It is the “fcey 
line** of the region. Given this line you 
can easily gauge the position of the upper 
border of the Piriformis. Separate there- 
fore the fleshy fibers of the Gluteus Maxi- 
mus or cut through its aponeurosis in 
tliis line {fig, 397), How will you know 
when you are through the muscle? (1) 
The simplest and surest way is to cut 
boldly right through its aponeurosis and 
subaponeurotic bursa on to the greater 
trochanter; then t# slacken the muscle 
by imitating its action, that is by extend- 
ing and laterally rotating the thigh, so 
that a finger can be inserted through the 
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incision and moved circularly. The fin- 
ger will be deep to the Maximus and to 
the Maximus only, for the Maximus is 
the only muscle to cross the trochanter. 
(2) Alternatively, you may separate the 
fleshy fibers until the inevitable areolar 
tissue comes into view — inevitable, be- 
cause the fleshy fibers of the Maximus 
are longer than, and take a different 
direction from, the fibers of the deep 
muscles. A layer of areolar tissue, per- 
haps laden with fat, must lie inter- 
posed ^between the Maximus and the 



Fio. 397. TnciBion to be made through the 
Gluteus Maximus to expose the “key line'* of 
the region. 


deeper muscles in order to allow them 
independent movement. 

As the finger is moved about in this 
plane, it will encounter the neiiv,e and 
VESSELS TO THE MAXIMUS (inferior gluteal 
nerve and vessels) which enter it at its 
center. Plunge a probe through the 
central point of the muscle and verify 
this. Next identify the Sciatic Nerve. 
It appears from under cover of the lower 
border of the Piriformis and, curving in- 
fero-laterally, descends between the 
ischial tuberosity and the greater tro- 
chanter. Indeed, when the limb is in the 


anatomical position, i.e., toes pointing 
forwards, the lateral border of the nerve 
lies midway between the medial aspect 
of the tuberosity and lateral aspect of 
the trochanter. Here the nerve is cov- 
ered by the Gluteus Maximus, and not 
until it reaches the lower border of the 
Maximus does it become subfascial. 

Having identified the sciatic nerve and 
having reflected the lower haff of the 
Maximus, do all preliminary dissecting 
and cleaning on the lateral side of the 
nerve, because that is its safe side (Jig. 
398). The sciatic nerve has two sides: a 



Fig. 398. Principle : Sides of safety and sides 
of danger. 

side of danger and a side of safety. This 
is due to the double fact (1) that it is the 
most lateral structure in the region, and 
(2) that its branches spring from its 

medial side because they supply the 

muscles (the hams) which arise from the 
ischial tuberosity. Therefore, work on 
its lateral side: remove fat, clean muscles, 
and disregard some arterial twigs from 
the superior and inferior gluteal, medial 
and lateral femoral circumflex, and first 
perforating arteries, which describe a 
cruciate anastomosis (fig, 41 ^). 

The Great or Greater Trochanter. To 
find the upper border of the Piriformis 
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carry the handle of the knife upwards 
along the posterior free border of the 
greater trochanter. This will conduct 
it to the lower border of the Gluteus 
Medius, which may then be followed 
medially and upwards towards the greater 
sciatic notch, where the superficial 
branches of the sujjerior gluteal vessels ap- 
pear between adjacent borders of the 
Medius and Piriformis. Why select the 
trochanter; why should it be a guide? The 
tendons of several muscles (G. Medius, 



Fio. 399. The fleshy, tendinous, and bony 
portions of the Gluteus Medius. 


G. Minimus, Piriformis, Obturator In- 
ternus and its Gemolli, and Obturator 
Extemus) are all inserted into the greater 
trochanter. Of these the two greatest 
are (1) the Gluteus Minimus, which is 
attached to its oblong anteri 9 r aspect, 
and (2) the Gluteus Medius, which is 
attached diagonally across its lateral 
aspect from the antero-inferior angle to 
the postero-superior angle. The postero- 
superior angle is free and is to be regarded 
as the os^ed part of the tendon of the 
Medius. The Medius has therefore a 
fleshy, a tendinous, and an osseous por- 


tion (fig. 399). The trochanteric crest 
has the appearance of crystalized fibers. 
Its upper part is the posterior border of 
the greater trochanter, and apparently is 
an extension of the Gluteus Medius. The 
lower part ascends from the lesser tro- 
chanter and is an extension of the Psoas 
tendon. The two parts are usually dis- 
continuous, and between them there is a 
rounded eminence, the quadrate tubercle^ 
to which the upper fibers of the Quadra- 
tus Femoris are attached. The quadrate 
tubercle is, however, not the creation of 
the Quadrat us, whose insertion is largely 
fleshy, but corresponds to the epiphyseal 
line, which passes through it and then 
follows the rough ridge that separates the 
greater trochanter from the sliaft, of the 
femur both laterally and in front. The 
aponeurosis of the Vastus Lateralis is in 
part responsible for this ridge. 

The greater trochanter is, then, the 
traction epiphysis of 5 muscles; of these 
the Medius is mostly responsible for its 
shape, causing it to be curved upwards, 
medially, and backwards and causing it to 
have a free, posterior border. The ten- 
don of the Piriformis is attached to the 
middle of the upper bonier ; the tendon of 
the Obturator Internus and its Gemelli to 
the front of the upper border; the tendon 
of the" Obturator Externus to a pit on its 
medial surface; and the tendon of the 
Minimus, as already mentioned, to the 
anterior aspect. 

The Superior Gluteal Nerve, accom- 
panied by the superior gluteal vessels, 
passes through the * ‘porta**, above the Piri- 
formis, in contact with the margin of the 
greater sciatic foramen, and it runs with 
the deep branches of these vessels between 
the Glutei Medius et Minimus. It supplies 
the 3 abductors and medial rotators of 
the hip joint, namely, the Gluteus Me- 
dius, Gluteus Minimus, and Tensor 
Fasciae Latae. These 3 muscles monop- 
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olize the entire dorsum ilii— save for 
two small areas: one between the pos- 
terior gluteal line and iliac crest where 
the Gluteus Maximus is attached; the 
other between the inferior gluteal line 
and the acetabular margin where the 
ilio-femoral ligament and the reflected 
head of the Rectus Femoris are attached. 

The Glutei Medius et Minimus. 
Whereas the Gluteus Maximus is rhom- 
boidal, the Glutei Medius and Minimus 
are fan-shaped. They are but two parts 
of a single muscle; they are common in 
shape, in direction of fibers, in actions, 
and in nerve supply. Their attach- 
ments are contiguous and their anterior 
borders are commonly fused — or rather, 
undifferentiated. There is, therefore, no 
necessity for areolar tissue or fat l)e- 
tween them, thougli a little is commonly 
present. 

It may be iKjted that the anterior part 
of the Medius receives many fibers from 
the overlying fascia (Jig. Jf.00). Hence, 
the fascia covering the Medius is thic^k; 
whereas that covering the Maximus is 
thin. 

The Tensor Fasciae Latae is about six 
inches long and on transverse section is 
apt to be mistaken for the Sartorius, but 
it is thicker and is IJ" wide. It arises 
by a short aponeurosis from the ant. sup. 
iliac spine and from the adjacent part of 
the outer lip of the iliac crest. It is 
directed downwards and slightly back- 
wards. The ilio-tibial tract serves as its 
tendon of insertion (p. 373). 

The Quadratus. Femoris may next 
be defined {Jig, 402 ). It is an oblong 
muscle continuous both at its origin and 
at its insertion with the Adductor Mag- 
nus of which it may be regarded as an 
upward extension. The division between 
these two muscles is not always evident. 
Though both are supplied by the same 
segments (4, 6, 1), their nerves reach 


them by different routes. The Quad- 
ratus arises from the lateral border of the 
ischial tuberosity above the impression 
for the Adductor Magnus. It extends 
horizontally laterally to the femur, where 
it is inserted into the quadrate tubercle 
and into the linear area of bone between 
this tubercle and the insertion of the 
Adductor Magnus on the gluteal tuber- 
osity at the level of the lesser trochanter. 
Note, the lesser trochanter and the 
lowest part of the ischial tuberosity 
are on the same level ; as are the quadrate 
tubercle and the highesl part of the is- 
chial tuberosity. In drawing or in pic- 
turing relatioi^ from the back this con- 



Fig. 400. The Anterior part of the Gluteus 
Medius arises largely from the fascia covering 
it; hence, the thickness of this fascia. 


sideration should be kept in mind (Jig. 
395). 

The nerve to the Quadratiis lies be- 
tween the sciatic nerve and the ischium 
and is not seen until the sciatic nerve is 
retracted. In order to allow of this, either 
the hip must be extended or the knee 
flexed or both. The nerve to the Quad- 
ratus arises from the front of the sciatic 
nerve, d&cends in front of the Obturator 
Internus and its Gemelli, and enters the 
anterior aspect of the Quadratus. It 
also supplies a twig to the hip joint and 
to the Gemellus Inferior. 

The Obturator Interims and the 
Gemelli constitute a tricipital muscle 
that occupies the interval between the 
Quadratus and the Piriformis. The 06- 
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turator Internus arises from almost the 
entire pelvic surface of the hip bone 
below the level of the obturator nerve. 
It takes a ri^ht angled turn as it passes 
through the lesser sciatic foramen (fig, 
S30). From this you will infer that its 



Fio. 401. The five regions of the back of the 
limb and the four muscles sepnratiag them. 

I 

anterior surface is here tendinous and 
that it is separated from the margin of the 
foramen by a bursa. Its tendon passes 
across the posterior surface of the ischium 
and capsi^P of the hip joint to reach the 
most anterior facet on the upper border 
of the greater trochanter. Of the Gemelli, 


the Superior arises from the upper margin 
of the lesser foramen (ischial spine); the 
Inferior from the lower margin of the 
lesser foramen (ischial tuberosity); and 
their fleshy fibers are inserted into the 
respective bordem and the superficial 
aspect of the tendon of the Obturator 
Internus. 

The Two Gluteal Arteries, superior and 
inferior, arc responsible for supplying 
the entire gluteal region, their largest 
branches being, of course, muscular. 
The superior artery supplies a nutrient 
artery that enters the ilium on the middle 
gluteal line. The inferior artery sends 
a branch to the sciatic nervCy a branch 
that follows the nerve to the Quadratus 
Femoris, and cutaneous branches that ac- 
company twigs of the posterior femoral 
cutaneous nerve down the thigh and 
around the lower border of the Maximus. 

Note the manner in which the superior 
gluteal vesseds hook round the margin of 
the greater scial.io notch. 

The Posterior Cutaneous Nerve of 
the Thigh is purely sensory. It lies first 
medial to the sciatic nerve and then be- 
hind it, clinging to Cduteus Maximus. 
Its gluteal branch turns round the lower 
border of tlie Maximus. Its perineal 
branch passes lateral to the ischial tu- 
berosity and enters the pouch of Collea 
to supply the scrotum or labium majus 
(fig. 313), while the main nerve continues 
down the middle of the thigh subfascially 
to end on the calf (p. 405). 

The Five Regions of the Back of the 
Limb. The back of the lower limb is 
divided for descriptive purposes into five 
regions (Jig. 401): 

1. The Gluteal Region. 

2. The Back of the Thigh. 

3. The Popliteal Fossa. 

4. The Back of the Leg. 

5. The Sole of the Foot. 

The iliac crest limits the gluteal region 
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above; the lower border of the Gluteus 
Maximus separates it from tfie back of 
the thigh; the lower border of the long 
head of the Biceps (beyond the point at 
which it crosses the Semimembranosus) 
separates the back of the thigh from the 
popliteal fossa; the. upper border of the 
Soleus separates the popliteal fossa from 
the back of the leg; and tlie back of the 
leg becomes the sole of the foot at the 
upper border of the Abductor Hallucis. 

Now, passing deep to ah' four of these 
muscles — Gluteus Maximus, Biceps (long 
heiid), Soleus, Abductor Hallucis — is the 
tibial division of the sciatic nerve. 

THE BACK OF THE THIGH AND THE 
POPLITEAL FOSSA 

The Deep Fascia (fascia = a bandage) 
of these rogioius is .composed of circularly 
arranged fibers, which, though not <lense, 
arc \cry strong, csi)ecially behind the 
knee where to the hamstrings they play 
the part of a restraining or retinacular 
ligament, siudi as occurs at the wrist and 
ankle. It follows that a transverse in- 
cision made through the deoj) fascia will 
close of its own accord and that a longi- 
tudinal one will tend to gape. 

The Floor. The back of the thigh 
and the popliteal fossa "have a flat anterior 
aspect or floor (fig. 402). The Floor of 
the Back of the Thigh has 2 parts: (a) a 
part medial to the Jinea aspera formed by 
the Adductor Magnus, which is covered 
by the thin posterior intermuscular sep- 
tum; and (b) a part lateral to the linea 
aspera formed by the Vastus Lateralis, 
which is covered by the strong lateral in- 
termuscular septum. The lateral septum 
is stronger than either the medial or the 
posterior septum for reasons given (p. 
395). 

The Floor of the Popliteal Fossa is 
formed from above downwards by: the 
popliteal surface of the femur, the 


posterior part of the capsule of the knee 
joint, and the Popliteus fascia (fascia 
covering the Popliteus). Of these, the 
popliteal surface of the femur is limited 
below by the intercondylar line ; the fibres 
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IJro. A02. The “floor” of the back of the 
thigh and popliteal fossa. 

of the posterior part of the fibrous capsule 
(oblique lig.) are parallel to the Popliteus 
and, so, tend to save it fn m being over- 
stretched; the Popliteus fasda is thin 
laterally, but it is strong medially and 
its fibers take a vertical course because 
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they are the media through which the 
Semimembranosus gains attachment to 
the soleal line on the tibia. 

Contents of the Back of the Thigh: 

1. The hamstring muscles. 

2. The short liead of the Biceps Fe- 

moris. 

3. The sciatic ner\^e. 

4. Certain vessels. 

The « Hamstring Muscles. A ham- 
string muscle may be defined as one that 
(a) arises from the ischial tuberosity, 



Fio. 403. The ischial part of the Adductor 
Magnus + the medial ligament of the knee 
fulfil the requirements of a hamstring muscle. 

(b) is inserted into one or other of the 
two bones of the leg, and (c) is supplied 
by the tibial (or medial) division of the 
sciatic nerve. The hamstring muscles, 
therefore, span the- femur but gain no 
attachment to it. They extend the *hip 
joint and flex the knee joint; and, on this 
account, you cannot extend your knee 
fully while your hip is fully flexed. 

The hamstrings are 3 in number: the 
long head, of the Biceps Femoris, the 
Semitendilrosus, and the Semimembra- 
nosus. Embryologically , the portion of the 


Adductor Magnus arising from the ischial 
tuberosity is to be grouped with the ham- 
strings, thus forming a fourth, the reasons 
being: (1) it arises from the tuberosity, 
(2) it is supplied by the tibial division of 
the sciatic nerve, and (3) its original in- 
sertion was into the tibia via the medial 
(tibial collateral) ligament of the knee 
(fig. 408). Thus, it fulfils the three re- 
quirements of a hamstring. On this basis 
of classification, as you will see, the short 
head of the Biceps cannot be counted with 
the hamstrings. 

When the knee is flexed, the Biceps, 
being attached to the head of the fibula, 
rotates the leg laterally; the Semimem- 
branosus and Semitendinosus, being at- 
tached to the medial side of the tibia, 
rotate the leg medially. 

Insertions. The Biceps is inserted by 
tendon into the head of the fibula just 
in front of the styloid process. It covers 
the attachment of the lateral ligament of 
the knee, a bursa intervening, and it 
partly blends with the deep fascia on 
the front of the leg (fig. 485). The 
Semitendinosus is inserted by aponeurosis 
into the medial surface of the tibia deep 
to the Sartorius and Gracilis (fig. 4t7). 

It is also extensively attached to the deep 
fascia of the leg. TAc Semimembranosus 
is inserted by a very thick tendon into the , 
horizontal groove on the medial condyle 
of the tibia, deep to the medial ligament 
of the knee, a bursa intervening; by the 
Popliteus fascia into the soleal line; and 
by tendon into the posterior surface 
of the tibia above the Popliteus (Jig. 
485). The Adductor Magnus is attached 
to the tibia, but only indirectly via the y 
medial ligament of the knee (fig. 403). 

The Ischial Tuberosity is of much 
smaller surface area than a transverse 
section of the fleshy bellies of the ham 
muscles that spring from it; so, it follows 
that their origins must be fibrous. On 
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this account a traction epiphysis might 
reasonably be expected; and an epiphysis 
there is. 

The precise origins of the hamstrings 
from the ischial tuberosity, though not 
important, are shown in figure 404. The 
medial curved border of the tuberosity 
gives attachment to the sacrotuberous 
ligament and is therefore sharp; the 
lateral border gives attachment to the 
fleshy fibers of the Quadratus Femoris 
and is therefore smooth. The sacro- 
tuberous ligament is regarded as the 
divorced tendon of the long head of the 
Biceps, which is assumed to have arisen 
originally from the sides of the sacrum 
and coccyx. The Biceps arises from 
a medial impression on the tuberosity 
adjacent to the sacrotuberous ligament 
with which some o/ its superficial fibers 
are continuous. With a little care the 
“common tendon’^ of the Biceps and 
Semitendinosus may be separated into 
two, right up to the tuberosity. [The 
technical term “common tendon^^ merely 
implies close coaptation of two or more 
tendons— so close that the point of the 
scalpel may be required to separate them.] 
By exclusion, the Semimembranosus 
arises from a lateral (and upper) im- 
pression. The Semimembranosus is 
membranous in its upper half, fleshy in 
its lower half, while the Semitendinosus 
conversely is fleshy in its upper half and 
tendinous in its lower half; so, though the 
Semitendinosus lies superficial to the 
Semimembranosus the one does not inter- 
fere with the action, of the other. The 
membrane of origin of the Semimem- 
branosus resembles the blade of a hollow 
ground razor. Into it the rounded fleshy 
belly of the Semitendinosus fits. Of 
necessity, the Semimembranosus and the 
long head of the Biceps cross each other 
to reach their respective insertions. The 
impression for the hamstring portion of 


the Adductor Magnus occupies the lower 
and lateral part of the tuberosity and is 
continuous with the site of attachment of 
the obturator part. 

The Short Head of the Biceps 
Femoris is not a hamstring. It belongs 
to "the same muscle sheet as the Gluteus 
Maximus. It is supplied by a branch of 
the lateral or peroneal division of the 
sciatic nerve. If you dissect this branch 
upwards, you will find that it arises from 
the ba(*k of the sacral plexus in common 
with the nerve to the Maximus (fig, 398), 
The short head arises, ]yy fleshy fibers 
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Fio. 404. The ischial tuberosity and the 
structures attached to it. 

froin the lateral lip of the linea aspera and 
from the upper part of the lateral epi- 
condylar line and adjacent part of the 
lateral intermuscular septum. Its upper 
limit rca(*hes to the insertion of the Glu- 
teus Maximus (Jiga. Ji02, 412), How far 
down the epicondylar line the Biceps 
extends may easily be calculated from 
the 3 following considerations: 

1? A muscle fiber on contracting short- 
ens by approximately a third of its length. 

2. Fleshy fibers never play across re- 
sistant structures, such as bone or liga- 
ment, which would imperil their vitality, 
but always give place to fibrous tissue. 

3. By palpation of your own knee, you 
may determine that the head of your 
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fibula (the site of insertion of the Biceps) 
makes an excursion of about inches 
when the kjioe joint flexes and extends. 

Therefore, the fleshy fibers of the short 
head recjuirc to be approximately 
inches loug. The muscle must, however, 
bo tendinous from the point at whiclf it 
crosses and rubs against the lateral (fibu- 
ular collateral) ligament of the knee, 
say itsjast inch; so, its lowest attachment 
to the femur cannot be nearer the flbiilar 
head than 5^ inches. Not uncommonly 
the Biceps does descend lower on the 
femur, but in tkese instances it leaves the 
epicondylar line and creeps medially 
across the popliteal surface, thereby 
maintaining fibers of requisite length. 
A hursa is, according to rule, interposed 
between the Biceps tendon and the lat- 
eral ligament of the knee. 

^ Hybrid or Composite Muscles. The 
Biceps clearly is an amalgamation of two 
muscles. The long head, .supplied by the 
tibial division (see below) of the sciatic 
nerve, belongs developmental ly to the 
front of the limb; the short head, sup- 
plied by the peroneal division, belongs to 
the morphological back. The Adductor 
Magnus alsQ is an amalgamation of two 
primitively ^distinct elements, supplie<l 
by the obturator nerve and the tibia] 
division of the sciatic nerve rospectively, 
so both belong dovelopimmlnlly to the 
front of the limb. (See Pectineus, p. 
382.) 

The Sciatic Nerve is readily accessi- 
ble deep in the angle between the Gluteus 
Maximus and the long head of the Biceps, 
because it is there subfascial [jig. 4^1). 
By the sense of touch hook a finger round 
it and bring it to the surface. Make sure 
you have not hooked up the Semimem- 
branosus by mistake, as is easily done, 
for the nepe runs along the lateral side 
of the Seilflmembranosus. The nerve is 
dull; the tendon is glistening. Above 


the angle the Maximus covers the nerve; 
below the angle the Biceps covers it; 
and deep to the Biceps the nerve sepa- 
rates into its two terminal divisions: 
tibial and peroneal, known as the medial 
and lateral popliteal nerves respectively. 
The two divisions are merely bound to- 
gether by loose areolar tissue and may 
be separated from each other right up to 
the sacral plexus. In fact, the peroneal 
division of the sciatic nerve sometimes 
pierces the Piriformis instead of passing 
below it with the tibial division (Jig, 405), 
The peroneal division and the femoral 
and gluteal nerves supply the morpho- 



Fig. 105. The relationship of the sciatic 
nerve to the Piriformis: (a) in 87.6% of 420 
liint>s both tlie lihial and the peroneal division 
of the sciatic nerve passed below the Piriformis; 
(b) in 12% the peroneal divisiorjmaased through 
the Piriformis; and (c) in 0.5% (i e., in both 
limbs of one subject) it passed above. 

logical back of the limb; the tibial di- 
vision and the obturator nerve supply the 
morphological front, as a consideration of 
their ultimate distributions to the sole 
and dorsum of the foot will suggest. The 
sciatic nerve runs midway between the 
ischial tuberosity and the greater tro- 
chanter, and it is at once reasonable and 
correct to suppose that the branches it 
supplies to the hamstrings spring from its 
ischial or medial side {fig, S98), 

Axiom, The side from which a motor 
nerve leaves its parent stem is constant — 
it leaves from the side nearest the muscle 
it supplies — but the level at which it 
leaves is variable; it may arise high or it 
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may arise low. Nerve trunks, therefore, 
have sides of danger and sides of safety 
or of relative safety; a side on which it is 
safe to dissect or operate and a side on 
which work must be done with caution. 
In dealing with nerve trunks think 
vertically not horizontally. This prin- 
ciple is particularly applicable to the 
sciatic and medial popliteal nerves in the 
lower limb and to the median and radial 
nerves at the elbow. 

The nerve to the short head of the 
Biceps springs from the lateral side of the 
sciatic nerve (peroneal division). 

Anterior Relations. The immediate 
anterior relations of the sciatic nerve 
throughout its course are: the dorsum 
ischii (half an inch), Obturator Internus 
and Gemelli, Quadratus Femoris, and 
Adductor Magnus. It is separated from 
the hip joint by the Inferior Gemellus 
and upper part of theQuadratus Femoris. 

The Posterior Cutaneous Nerve of 
the Thigh. The dividing line between 
the morphological anterior and posterior 
cutaneous areas of the thigh is indicated 
posteriorly by the 'posterior cutaneous 
nerue. As evidence of this, note that in 
cases where the sciatic nerve is divided 
by the Piriformis into peroneal and tibial 
divisions, the posterior cutaneous nerve 
derives a root from each. The posterior 
cutaneous nerve travels down the middle 
of the back of the thigh immediately 
under the deep fascia (the long head of 
the Biceps alone intervening between it 
and the sciatic nerve) and gives cutane- 
ous twigs to right and to left, but it is 
not until it reaches the popliteal fossa 
that the main stem outcrops on the sur- 
face to end on the calf. 

Arteries. The arteries to the back 
of the thigh see pp. 411-413. 

The Popliteal Fossa or Back of the 
Knee. The anterior wall or floor of the 


fossa is described on page 401 {fig, 
402), The fossa is a potential one before 
dissection is undertaken. This is owing 
to the circular arrangement of the fibers 
in (he deep fascia that bandage the struc- 
tures together. The fossa is composed of 
ah upper and a lower triangle, one being 
above the knee joint; the other below it. 
The sides of the upper triangle are: 
medially, the Semimembranosus /iverlaid 
by the Semitendinosus; laterally, the 
short head of the Biceps overlaid by and 
fused with the long head. These em- 
brace the sides of the* lower triangle, 



Fio. 406. The boundaries and subdivisiona 
of the popliteal fossa. 


formed by the two heads oPthe Gastroc- 
nemius, together with the unimportant 
and variable Plantaris which lies laterally. 
(Fig. 406.) 

Palpable Tendons. While sitting 
down — one knee being bent to a right 
angle or less and the fingers of each hand 
passed behind the respective sides of this 
knee — intermittently press the heel back- 
wards against the leg of the chair, noting 
that: (a) laterally, the Biceps tendon, 
which is here the most dorsal structure, 
becomes taut and is easily followed to the 
head of the fibula; do not mistake it for 
the prominent posterior border of the 
Hio-tibial tract which runs a full finger’s 
breadth in front of it; (b) medially, the 
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Semitendinosus tendon is felt to spring, 
like a bow-string, backwards from the 
lateral edge of the Semimembranosus, 
and the (Jracilis tendon is felt, though 
it is not always distinguished from the 
medial edge of the Semimembranosus 
behind which it runs {jig, 1^82), Furthet, 
the Biceps tendon becomes taut on lateral 
rotation of the leg (the knee being flexed); 
the Gracilis tendon becomes taut on 



Fig. 107. The medial po])liteal nerve: Its 
side of safety and side of danger and ifs relation 
to the bowed arterial stem. 

medial rotation again.'^{ n'slstance (e.g., 
the big toe pressed against the oj^posite 
ankle, the heel being off the lloor) and 
is now readily distinguishable from the 
Semimembranosus. 

Contents. The fossa contains four 
important structures: 

(1) the medial popliteal nerve. 

(2 and 3) the popliteal artery and vein. 

(4) the lateral popliteal nerv^e. 

The Me^al Popliteal Nerve. The tib- 
ial division of the sciatic nerve, known 
in this region as, the medial popliteal 


nerve, passes from the upper to the lower 
angle of the diamond-shaped frame, bi- 
secting it longitudinally. It supplies the 
local muscles, namely, the Plantaris, 
medial and lateral heads of the Gastroc- 
nemius, Soleus, and Popliteus, Of these 
5 muscles only one, the medial head of 
the Gastrocnemius, lies medial to the 
medial popliteal nerve, the other four lie 
lateral. On this account it is safer to 
work on the medial side of the fossa 
where only one nerve is in peril. Having 
identified the nerve to the medial head, 
it is safe to retract the medial popliteal 
nerve laterally and to expose the pop- 
liteal vessels (jig. 407). To'obtain ample 
access to the fossa, the knee should be 
bent and the heads of the Gastrocnemius 
separated widely with the fingers and 
raised freely from the underlying struc- 
tures. 

Relationships. The relative positions 
of the popliteal artery, popliteal vein, and 
medial popliteal nerve may to some ex- 
tent be sumiised from the following: (a) 
The femoral vessels pass down tlie front 
of th(‘ thigh to become the popliteal ves- 
sels at tlie hiatus in the Adductor Magnus, 
'rhe sciatic nerve passes down the back of 
1 lie thigh, and its meiiial popliteal branch 
meets the popliteal vessels and continues 
on a posterior plane, (b) The femoral 
vein, which was seen to lie behind its 
artery at the apex of tlie femoral triangle, 
retains its posterior relationship in the 
popliteal fossa, (c) The vessels enter 
the popliteal fossa from the medial side 
and, therefore, are at fiist medial to the 
nerve, which enters at the. upper angle 
and bisects the space, (d ) As the medial , 
popliteal nerve and the popliteal vessels 
are passing through the narrow ravine 
bounded on each side by a femoral 
condyle and a head of the Gastrocnemius, 
they are crowded one behind the other; 
the order from the surface to the floor 
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of the fossa being retained — nerve, vein, 
artery. The customary order — nerve, 
artery, vein— does not hold here, (e) 
Thereafter, the vein and nerve cross the 
artery very gradually from lateral to 
medial side; or rather it is the artery that 
crosses the vein and nerve, for it inclines 
laterally towaids the neck of the fibula, 
but before reaching the neck it divides 
into anterior and posterior tibial arteries. 
The anterior tibial artery continues to 
the neck ; the posterior tibial artery 
bends medially. 

The Popliteal Artery divides into its 
two terminal branches at the upper 
border of the Soleus or, which amounts 
to the same thing, at the lower border 
of the Popliteus. The arteries below the 
knee are accompanied by venae coinites; 
so, the popliteal veip begins as an assembly 
of veins. The popliteal artery and vein 
are just as inscjiarably bound together 
in a fascial tube as are the femoral artery 
and vein — neither can move without the 
other, and a dilated artery will tend to 
obstruct the vein. 

In front of the popliteal artery is the 
floor of the fossa. At the hiatus in the 
Adductor Magnus the Vastus Medialis 
generally keeps the artery from touching 
the femur. Where the artery bridges the 
fossa, betwen the hiatus and the inter- 
condylar notch, it is separated from the 
bone by fat {fig. 408). 

THE BRANCHES of the popliteal artery 
are: cutaneous, muscular to the muscles 
of the back of the thigh and of the calf, 
and articular (p. 418 and fig. 418). 

The Lateral Popliteal Nerve separates 
from the sciatic nerve about the middle 
of the thigh and ends lateral to the neck 
of the fibula by dividing into throe 
terminal branches — anterior tibial^ muscu- 
locutaneous and anterior tibial recurrent. 
It appears from under cover of the long 
head of the Biceps and follows the Biceps 


tendon. As, however, the Biceps is in- 
serted into the head of the fibula and the 
nerve winds behind the head and round 
the neck of the fibula, it follows that the 
nerve recedes gradually from the tendon, 
crossing in turn: the Plantaris, Gastroc- 
nemius (lateral head), and the back of 
the head of the fibula where a thin fleshy 
veneer of Soleus partly separates it from 
the head. Hence, it is readily palpated 



Fra. 408. The anterior relations of the 
popliteal artery (pictured from the medial 
side). 

behind the head where it is felt to slip 
from under the finger-tips drawn hori- 
zontally across it (cf. the ulnar nerve 
behind the medial epicondyle). 

Branches: (A) Terminal (fig. 486 & 
p.*419). (B) Collateral: (a) there are 

no motor branches; (b) the sensory 
branches are : 

Articular and cutaneous branches spxmg 
from both popliteal nerves. The medial 
popliteal nerve supplies 3 articular or 
genicular branches (the supero-medial, 
infero-medial,and the middle) ; the lateral 
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popliteal nerve supplies 2, (the supero- 
lateral and infero-Iateral). They accom- 
pany the corrcspondinjii; vessels. The 
cutaneous branch of the medial popliteal 
nerve, called the sural riervCf lies with the 
short saphenous vein in the furrow be- 
tween the two bellies of the Gastroc- 
nemius. It is joined by the cutaneous 
branch of the lateral popliteal nerve 
(called 'the communicating sural nerve) 
which travels distally on the lateral head 
of the Gastrocnemius. 

The Short Saphenous Vein bcjrins in 
the dorsal venous arch of the foot. It 
passes below and then behind the lateral 
malleolus and is accompanied in its 
course by the sural nerve. It pierces the 
popliteal fascia and, after dividing, ends in 
the popliteal and profunda femoris veins. 

A large cutaneous branch, the medial 
femoral cutaneous vein^ connects it to the 
upper end of the long saphenous vein. 

Lymph Glands. The most distal 
glands in the limb are small glands 
beside the anterior and posterior tibia! 
vessels. They intercc[)t deep lymph ves- 
sels, drain into the popliteal glands, and 
have little practical value. Fi\o or six 
small popliteal glands lie in the fat arouml 
the popliteal vessels. They reeei\c the 
distant deep lymph \essels and ve.ssels 
from the knee joint; and they drain into 
the deep inguinal glands by vessels that 
follow the femoral vessels. One gland 
lies just under the deep fascia beside the 
short saphenous vein. It drains the 
same territory as the short saphenOus 
vein, and it is the lowest gland in the 
limb draining superficial tissues. Its 
efferent vessels also follow the femoral 
vessels. The corresponding gland in the 
upper limhtf the supratrochlear gland, lies 
superficial to the deep fascia. 


THE MEDIAL REGION OF THE 
THIGH 

Muscles. The muscles of the medial 
or adductor region of the thigh arise 
collectively from the anterior aspect of 
the hip bone between ilio-pubic eminence 
above and the ischial tuberosity below 
(including the superior ramus, body, and 
inferior ramus of the pubis; the ramus 
and tuberosity of the ischium, and the 
obturator membrane) (fig. 409). From 
this compact area of origin they spread 
out fan wise to a linear insertion, that 
extends from the trochanteric fossa of 
the femur above to the upper part of 
the n^edial surface of the tibia below 
(fig. 410 ). Their chief actions are those 
of adduidion and lateral rotation of the 
hip joint. The obturator nerve inner- 
vates them. The profunda femoris and 
obturator arteries nourish them. They 
form a much larger mass than the Coraco- 
brachialis, which is their homologue in 
the \ipper limb. 

The juusclc mass consists of six in- 
dividual muscle^s: 

Origins The Peclineus, Adductor 
LouguSj and Gracilis have a continuous 
cur\’i>inear origin that extends from the 
ilio-pubic eminence to the (inferior) ramus 
of the ischium. The origin of the Pcetin- 
eus, wfiich is fleshy, meets that of the 
Adductor Longus, which is tendinous, at 
the pubic tubercle; the Gracilis has an 
aponeurotic origin. If the thigh be ab- 
ducted, the tendon of the Longus becomes 
prominent and palpable and acts as a 
guide to the pubic tubercle. The Ad- 
ductor Brevis, Adductor Magnus, and 
Obturator Externus arise by fleshy fibers 
in successively deeper, overlapping 
planes. 

Insertions. The restricted and there- 
fore fibrous insertions of these 6 muscles 
are as follows: The Peclineus: to the line 
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running from lesser trochanter towards 
the linea aspera. The Adductor Longus: 
to almost the whole length of the linea 
aspera in line with the Pectineus. (Be- 
tween the Pectineus and Longus the 
Brevis can be seen.) The Gracilis: to 
the medial surface of the tibia below the 
level of the tuberosity and between the 
insertions of the Sartorius and Semitend- 


ILIO-PUBIC EMlHEnCE 



Fifj. 409. The compact area of origin of the 
Adductors. 

inosus. TTie Gracilis is the only muscle 
of the adductor group to cross the knee 
joint. (Between the Longus and Gra- 
cilis the Magnus can be seen) {fig, 389), 
The Adductor Brevis: to the lower part 
of the pBctineal line and uppar part 
of the linea aspera. Its upper part is 
overlapped by the Pectineus; its lower 
part by the Adductor Longus. The Ad- 
ductor Magnus: to the linea aspera, 
extending upwards on to its lateral con- 
tinuation (the gluteal tuberosity), and 
downwards on to its medial continuation 
(the medial epicondylar line). In fact,* 


it extends from the level of the lesser 
trochanter above, where it is continu- 
ous with the Quadratus Femoris, to the 
adductor tubercle below. The portion 
of the Adductor Magnus that arises from 
the ischial tuberosity is tendinous, is 
supplied by the tibial division of the 
sciatic nerve, and belongs developmen- 



Fio. 410. The linear insertion of the Ad- 
ductors extends from the trochanteric fossa 
above to the medial surface of the tibia below. 

tally to the hamstring muscles. The 
tendinous cord passing to the adductor 
tubercle and to the epicondylar line just 
above it belongs to the sciatic portion. 
The Obturator Externus: to the tro- 
chanteric fossa. It passes below the head 
of the femur and grooves the back of the 
neck. It will be studied with the hip 
joint. 

If you would be familiar with the shaft 
of the f§mur, and the relations of the 
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profunda artery and of the obturator 
nerve, you must spend some minutes in 
defining the insertions of these muscles. 

Three Hernial Sile». (a) that the Pec- 
tincus and the superior ramus of the 
pubis would separate a femoral hernia 
from an obturator hernia; (b) that the 
inguinal ligament would separate a femo- 
ral hernia from an inguinal hernia {fig. 

411 )^ • 



The Obturator Nerve (Jig. 468), like 
the femoral nerve, is derived from the 
anterior rami of the 2nd, 3rd, and 4th 
lumbar nerves, and like it, has a motor, a 
cutaneous, an articular, and a vascular 
distribution. • 

On passing through the obturator fora- 
men the nerve divides into an anterior 
and a posterior division. The anterior 
division passes over the upper border of 
the Obtura^r Extemus and descends in 
front of the Adductor Brevis to supply 
(Pectineus sometimes), Longus, Brevis, 


and Gracilis. The posterior division 
pierces the upper border of the Obturator 
Extemus, descends behind the Brevis, 
and supplies the Obturator Extemus and 
the Magnus. 

To display the anterior division, the 
Pectineus and the Adductor Longus need 
be reflected ; to display the posterior 
division, the Adductor Brevis also must 
be reflected {fig. 

Hybrid Muscles. The Pectineus and 
Adductor Magnus are composite or ‘‘hy- 
brid*' muscles with double nerve supplies. 
The femoral nerve supplies the lateral 
part of the Pectineus and often the entire 
muscle; the obturator or the accessory 
obturator nerve sometimes supplies the 
medial part. The obturator nerve sup- 
plies the part of the Adductor Magnus 
that arises from the pubic arch; the tibial 
division of the sciatic nerve supplies the 
part that arises from the ischial tuberos- 
ity. Functionally, both muscles must be 
grouped with tlu^ adductors of the hip 
joint. l)cveloj)mentall 3 ', however, the 
Pectineus belongs, in part at least, to the 
liio-psoas or flc.xormass; the Magnus to 
the hamstring or extensor mass. The 
obturator nerve has, therefore, the assist- 
ance of the femoral and sciatic nerves in 
supplying the marginal parts of the 
adductor muscle mass. 

Other Branches of the Obturator 
Nerve. The sole cutaneous branch is a 
continuation of the nerve to the Gracilis. 

It reaches the surface about the middle 
of the thigh, where it supplies a restricted 
area. It may, however, extend to the 
calf. Articular branches supply the hip 
joint and commonly the knee. The one 
passes through the acetabular notch to 
the hip joint; the other is a continuation 
of the nerve to the Adductor Magnus. 
The latter pierces this muscle above the 
hiatus for the femoral vessels, runs down 
on the medial side of the popliteal vessels. 
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and pierces the posterior part of the cap- 
sule of the knee. A vascular branch 
passes to the femoral artery. 

An Abnormal Branch. Both the 
femoral and the obturator nerves are 
derived from the anterior rami of lumbar 
nerves 2, 3, and 4. In embryonic life, 
while the developing superior ramus of 
the pubic bone, as yet in a condensed 
cellular state, is growing medially to meet 
its fellow at the symphysis, it insinuates 
itself between the femoral and obturator 
nerves and separates them. Commonly 
this sprouting ramus penetrates the ob- 
turator nerve with the result that a 
detached strand, the accessory obturator 
nerDc, follows the medial border of the 
Psoas over the superior ramus and rejoins 
the main nerve deep to the Pectineus. It 
may su[)ply a twig to the hip joint and to 
the Pectineus. 

Note: (a) that the femoral and pro- 
funda fernoris arteries are separated by 
the Adductor Longus, and (b) that the 
anterior and posterior divisions of the 
obturator nerve are separated by the 
Adductor Brevis {figs. 41S). 

The Obturator Artery assists the pro- 
funda artery to supply the adductors. 
Arising either from the internal iliac 
artery or as abnormal obturator” 
from the inferior epigastric artery, it 
traverses the obturator canal, enters the 
thigh, and divides into anterior and pos- 
terior branches which skirt the circum- 
ference of the obturator foramen. The 
posterior branch and the medial femoral 
circumflex a. each send an articular twig 
through the acetabular foramen to the 
acetabular fossa. There they ramify in 
the Haversian pad of fat, and one or other 
traverses the lig. of the head of the femur 
dig. teres, ,//</ 468) and helps to nourish 
the head. 

Arteries. By their anastomoses the 
arteries to be described maintain rather 


indifferently the circulation in the limb 
after the femoral artery has been ob- 
structed. A detailed knowledge of their 
courses implies a knowledge of the femur 
and of the muscles attached to it. So, 
only if you have traced the muscles to 
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Fio. 412. The great arteries. Observe their 
branches closely embracing the bones. 


their attachments on the femur can you 
appreciate the following description. It 
would be foolish to commit the courses 
to memory. 

The Profunda Fernoris Artery is 
nearly as large as the continuation of the 
femoral artery. It arises from the lateral 
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Bide of the femoral artery about 1 J inches 
below the inguinal lig. At the apex of 
the femoral triangle it lies behind the 
femoral vessels and its own vein. It 
passes through the gap between the inser- 
tions of the Pectineus and Adductor 
Longus and descends first between the' 
Longus and Brevis, then between the 
Longus and Magnus, and ends as the 
4th perforating artery. Lying closer to 
the bone than the femoral artery, it 
crosses in turn the Iliacus, Pectineus, 
Adductor Brevis, and Adductor Magnus 
(Jigs. 412, 41S). • 



OBT. N. 


ARTERIES 


Fio. 413. Cross section of thigh. (A) The 
Longus separates tlie femoral and profunda 
femoris arteries. (H) The Brevis scpaiates 
the divisions of the obturator nerve, (C)The 
perforating arteries hug the bone. 

Distribution, Its various branches 
supply most of the muscles of the thigh; 
articular branches pass to the hip and 
knee joints; and medullary branches pass 
to the femur, and numerous anastomoses 
are effected. The branches are: 

a. Lateral femoral circumflex. 

b. Medial femoral circumflex. 

c. Muscular. 

d. First 

e. Second 

f. Third 

g. Fourtl 

The Lateral Femoral Circumflex 
A. is a large artery wliich runs laterally 


perforating. 


between the branches of the femoral 
nerve, deep to the Sartorius and Ilectus 
Femoris, and divides into three branches. 
The ascending and transverse branches 
anastomose in the gluteal region and they 
send branches along the neck of the 
femur to supply it. The descending 
branch follows the anterior boixier of the 
Vastus Lateralis and anastomoses at the 
knee. 

The Medial Femoral Circumflex 
A., the four 'perforating aa,, and the 
termination of the femoral a, are in series, 
^ as they wind backwards round the medial 
side of the femur, hugging it closely, and 
either passing between the borders of 
muscles or disturbing their attachments 
to the bone. The medial femoral circum- 
flex a. may be regarded as a perforating 
artery that clings to the bone in the later 
part of its course. Having passed first 
between Psoas and Pectineus, then be- 
tween Obturator Exlcrnus and Adductor 
Brevis, it abuts against the Quadratus 
Femoris and there divides into (1) a 
transverse branch that passes onwards 
between the borders of the Quadratus and 
Adductor Magnus to anastomose with the 
transverse branch of the lateral femoral 
circumflex, and (2) an ascending branch 
that passes upwards deep to the Quad- 
ratus to anastomose with the inferior 
gluteal artery behind the neck of the 
femur. An articular branch passes from 
the medial circumflex a. through the 
acetabular foramen to the hip joint. 

The 4 Perforating aa. encircle the 
shaft of the femur, interrupting the attach- 
ment of each muscle they encounter thus: 
The 1st interrupts the Adductor Brevis 
and Magnus and ends in the Gluteus 
Maximus ; the 2nd interrupts the Adductor 
Brevis and then, like the 3rd and 4th, it 
interrupts the Adductor Magnus, short 
head of the Biceps, lateral intermuscular 
septum. Vastus Lateralis and ends in the 
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Vastus Intermedius. The medullary ar- 
tery of the femur is derived from the 2nd 
or ,3rd perforating artery. The femoral 
a. passes between the obturator and 
sciatic parts of the Adductor Magnus. 

Anastomoses. The term cruciate anas- 
tomosis is applied to the union of the 
medial and lateral femoral circumflex 
arteries with the inferior gluteal artery 
above and the 1st perforating artery 
below. At the back of the limb the per- 
forating arteries form a feeble arterial 
chain that links the cruciate anastomosis 
at the hip to the genicular anastomosis, 
at the knee. 

The Branches of the Popliteal Artery 

are: a few cutaneous branches; muscular 
branches to the muscles of the ham and 
calf ; and 5 getiicular (articular) branches. 
Of these the middle genicular pierces the 
capsule of the loiee joint and supplies the 
cniciate ligaments and other derivatives 
of the intercondylar septum (Jig. 484). 
The other 4, like the perforating branches 
of the profunda a., grasp the skeletal 
framework, no muscle intervening. 

Development of the Arteries. In the 
embryo the primary arterial trunk of 
the limb arises as a branch of the internal 
iliac a., and passes down the back of the 
limb, accompanying the sciatic nerve; at 
the knee it passes in front of the Pop- 
liteus; and in the leg it lies behind the 
interosseous membrane. A vessel, which 
becomes the external iliac and^ femoral 
arteries, grows down the front of the 
thigh and joins the primary trunk at the 
knee (fig. 4^4)- The part of the primary 
trunk immediately distal to the union be- 
comes the upper part of the popliteal ar- 
tery; the proximal part is resorbed, save 
in the gluteal region where it persists as 
the inferior gluteal artery. Anastomotic 
branches — ^medial femoral circumflex and 
4 perforating-^Iso connect the two 


trunks. The primary trunk sends a 
branch forwards between the leg bones to 
become the anterior tibial artery ; and a 
branch (or branches) downwards behind 
the Popliteus to become the lower part 
^ of the popliteal artery and the posterior 
tibial artery. Thus, the Popliteus is en- 
circled temporarily — until the portion of 



Fio. 414. Development of the main arterial 
trunk: (hatched segments are primary; solid 
blark are secondary; clear disappear). (After 
Senior.) 

the primary trunk in front of it is super- 
seded. , Occasionally the definitive popli- 
teal artery passes in front of the 
Popliteus, that is, it pursues the pri- 
mary route. 

It is desirable that main arteries should 
lie at flexures, such as the groin, back of 
the knee, arm ]^t, and front of the elbow, 
■where they receive natural protection. 



CHAPTER 15 


THE LEG AND THE DORSUM OF 
THE FOOT 

The leg or crural region is the segment 
of the lower limb between the knee and 
the ankle. It is conveniently subdivided 
into four regions: 

1. The anterior crural (anterior tibio- 
fibular) region. 

2. Posterior crural (posterior tibio- 
fibular) region. 


all that is expected of the muscles of the 
anterior region is that they cause the foot 
to clear the ground and not let the toes 
drag during the act of advancing the Kmb 
when walking. 

The Shaft of the Tibia and the Medial 
Crural Region. By palpation note that 
the medial surface of your own tibia is 
subcutaneous, smooth and flat; that the 
skin covering it is free; that it passes 


Po&t. tibial nerve 



yAu$culo-cuta.n.«ou& rv. 

Fia. 415. Scheme of the 4 rogion.s of the leg 
on transverse section, sliowing their relative 
sizes and their nerves. (After 11. A. Cates.) 

3. Lateral crural (fibular or peroneal) 
region. 

4. Medial crural region (overlying the 
medial surface of the tibia). 

The boundaries of these regions are well 
seen in a transverse section through the 
middle of the leg {fig. 416). The pos- 
terior region is much larger than the 
antCTior because it contains the powerful 
muscles (G^rocnemius ,|^d Soleus) re- 
quired by extending ankle joint to 
raise the body in walking, whereas almost 


ln.vestiry.g deep fascia. 



Fio. 416. The leg on cross section, showing 
the interosseous membrane and the various 
fascial septa. 


imperceptibly on to the medial malleolus 
below and on to the medial condyle 
above; that it is bounded in front by the 
subcutaneous anterior border of the tibia, 
which may be traced from the anterior 
border of the medial malleolus to the 
tubercle of the tibia; and that it is 
bounded behind by the subcutaneous 
medial border of the tibia, which may be 
traced from the posterior border of the 
medial malleolus to the horizontal groove 
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on the medial condyle for the insertion 
of the Semimembranosus (fig, Jjl7). 

The Tendinous Expansions of the 
Sartorius, Gracilis, and Semitendinosus 
find attachment to the medial surface 
of the tibia below the level of the tubercle. 
Each represents a different region of the 



Fio. 417. The subcutaneous or medial as- 
pect of the tibia. 

thigh; each is supplied by a different 
nerve (femoral, obturator, or sciatic); 
each passes across the medial ligament of 
the knee to reach its insertion, a bursa 
intervening. The Sartorius, approach- 
ing from the front of the thigh, is nat- 
urally superficial to the Gracilis, which 
approaches from the medial side; and 


the Gracilis is in turn superficial to the 
Semitendinosus, which belongs to the 
back of the thigh. These 3 all obviously 
flex the knee joint and rotate the leg 
medially; and obviously they act to 
better advantage when the movement of 
•flexion is well established than during 
its initial stages. 

On pressing the back of your heel 
against the leg of the chair you are sitting 
on, you can by palpation identify the 
four tendons on the medial side of the 
knee. The rounded tendon of the Semi- 
tendinosus, which is the lowest and most 
lateral of these, and the massive tendon 
of the Semimembranosus are identified 
with ease; the lower edge of the Gracilis 
with care; the Sartorius, which crosses the 
femur just behind the adductor tubercle, 
with difficulty. 

The Medial Ligament of the Knee 
(tibial collateral lig.) stretches in a fan- 
shaped manner from the medial epicon- 
dyl^ of the femur, situated half-an-inch • 
below the adductor tubercle, to the upper 
margin of the medial condyle of the 
tibia; but its more superficial fibers, 
formerly part of the Adductor Magnus, 
extend as a broad band beyond t|iis to a 
rovigh marking in front of the medial 
border of the tibia at the level of the 
insertion of the three tendons. Like the 
cord of a bow, this band bridges both 
the groove on the medial condyle to 
which the Semimembranosus tendon is 
attached and the hollow below the 
condyle in which pass the medial inferior 
genicular vessels and nerve {fig. 

You should certainly plot out the course 
of the medial ligament by connecting 
its sites of attachment. 

The medial malleolar vessels cross the 
medial surface of the tibia above the 
malleolus. The. long saphenous vein and 
its companion^ saphenous nerve^ cross 
the lowest third of* the medial surface of 
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the tibia obliquoly and continue proxi- 
mally, about half an inch behind the 
medial borfler, a.s far as the knee. At the 
knee they lie a hand’s breadth behind the 
medial border of the patella (p. 373). 
The vein arises from the medial end of 
the doi-sal venou-s arch of the foot; the 
nerve, appears between the Sartorius 



and Gracilis, accompanies the vein 
through the leg, and ends half way alohg 
the medial side of the foot; and, though 
many of its twigs pass deep to the vein, 
some pass superficially. 

The shaft (body) of the tibia is thin- 
nest and nj^t readily fractured at. the 
junction of ra lowest third with its upper 
two thirds. 


Terminology. The shaft of the tibia 
is triangular on cross-section, and, like 
other long bones (p. 3), it is described as 
having 3 surfaces separated by 3 holders 
{jig. 410). An anterior border, “the 
shin” — which it obviously possesses — 
implies a posterior surface; a medial sur- 
face implies a lateral border; and a lateral 
surface implies a medial border. But the 
medial surface faces antero-medially, and 
the lateral surface, antcro-latcrally ; so 
these surfaces may optionally be called 
antero-medial and antero-Iateral. In this 
case, the medial border would require 
to be referred to as the postero-medial. 


P ost , surface 



Ar^TEKlOK 

V?OR.DFR. 


Fir,. !l«j. TcnninoloRy: surfaces and borders 
arc named by opposites. 

and the lateral as the postero- lateral. 
Ikit, to refer to either of these borders 
as the posterior border without further 
qualification would result in ambiguity. 

The Lateral Border of Tibia. Because 
the lateral border gives attachment to the 
interosseous membrane, which unites the 
fibula to the tibia, it is sharp and is 
legitimately referred to as the inter- 
osseous border {fig. 418). This sharp 
lateral or interosseous border extends 
from near the small, flat, circular facet 
on the lateral condyle, where the head of 
the fibula articulates, to the deep, rough, 
triangular notch for the reception of the 
lower end of the fibula. The fibula re- 
quires to be firmly united to the tibia 
at its lower end, otherwise the talus 
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would prize the two bones apart; so, the 
interosseous border splits to form the 
sides of the triangular fibidar notch; 
and the interosseous membrane is thick- 
ened to form a strong interosseous 
ligament; so, the notch is rough. The 
lower end of the tibia is expanded in order 
to offer a large bearing surface to the 
talus. And, the appearance of a 4th 
surface (the fibular notch) tmnsforms the 
triangular cross-section into a quadrangu- 
lar one. [The lower end of the femur is 
similarly enlarged and quadrangular; its 
fourth or additional surface being the 
popliteal surface, whose sides arc formed 
by the splitting of the linea aspei*a into 
the epicondylar lines.] Tha fibular notch 
together with the deflection of the anterior 
border, due to the change in direction of 
the Tibialis Anterior (see below), causes 
the lateral surface of the tibia to come to 
face anteriorly in its lowest quarter. 

The lateral surface is limited above by 
the epiphyseal line, which arching up- 
wards and laterally from the tubercle to 
below the fibular facet, serves to separate 
this surface from the lateral condyle. The 
prominent overhanging ridge it creates, 
affords attachment to the fascia of the 
anterior crural region. The Tibialis An- 
terior, the only muscle attached to the 
lateral surface of the tibia, arises from 
the upper two-thirds of this surface by 
fibers which being fleshy leave no mark. 

The posterior surface (p. 426). 

The Anterior Tibio-fibular ^ Kegion 
and the Dorsum of the Foot. These 
two regions are structurally continuous; 
so, they will be considered together. The 
boundaries of the anterior tibio-fibular 
region are: the lateral surface of the 
tibia, the interosseous membrane, the 
anterior surface of the fibula, the anterior 
peroneal septum and the investing deep 
fascia {fig, A16), 


The Great Arterial Trunk of the 
front of the leg and doi^m of the foot, 
accompanied by venae comitantes, enters 
the anterior osseo-fascial compartment 
in contact with the medial side of the 
neck of the fibula, and ends near the web 
between the great and 2nd toes by 
dividing into dorsal digital branches for 
the adjacent sides of these toes. A fairly 
straight line joining these two points 
crosses the ankle joint midway between 
the tw'O malleoli and defines the course 
of the great arterial trunk {fig. Ji20). 
It lies literally on the ^skeletal plane*’, 
crossing in turn the interosseous mem- 
brane, the lowest third of the lateral sur- 
face of the tiftia, the ankle joint, the 
talus, the talo-navicular joint, the navicu- 
lar, the naviculo-cuneiform joint, the 
middle cuneiform, and the fascia covering 
the first dorsal interosseous muscle. At 
the ankle joint it changes its name from 
anterior iibial a. to dorsalis pedis a,: 
at the proximal end of the first inter- 
metatarsal space it sends a large profunda 
branch into the sole of the foot and 
changes its name to the first dorsal 
metatarsal a.; and at the distal end of the 
space it divides into 2 dorsal digital 
branches. 

If all the five muscles in this region are 
stripped from their attachments and 
removed, the arterial stem and all its 
named branches — (this excludes the cu- 
taneous and muscular ones) — are left 
undisturbed. The undisturbed branches 
are: 

The anterior tibial recurrent artery. 

«The branch accompanying the mus- 
culo-cutaneous nerve. 

The medial and lateral malleolar aa. 

The medial and lateral tarsal aa. 

The arcuate artery. 

The anterior iibial recurrent artery with 
the anterior tibial recurrent nerve runs 
upwards to the lateral condyle to take 
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part in the genicular anastomoses. To 
expose it, the Tibialis Anterior must be 
severed to the bone. A slender branch 



passes deep to the anterior peroneal sep- 
tum to the musculo-cutaneous 

(superficial j^roneal) nerve. The laUral 
malleolar a. joins the perforating branch 


of the peroneal a., which enters this 
region by piercing the lower part of the 
interosseous membrane. The common 
stem thus-formed runs downwards in 
front of the inferior tibio-fibular joint to 
take part in the anastomoses on the 
lateral side of the ankle. The lateral 
tarsal a. and the arcuate a. run laterally on 
the dorsum of the foot deep to the Ex- 
tensor Digitorum Brevis. The dorsal 
metatarsal branches to the 2nd, 3rd, and 
4th spaces arise from the arcuate a. ; each 
is joined by a perforating branch of the 
deep plantar arch; and each in turn 
divides into proper digital branches. 
The medial side of the 1st toe and the 
lateral side of the 5th toe receive digital 
branches from the 1st and 4th meta- 
tarsal arteries respectively. Hence, the 
arrangement of vessels on the dorsum of 
the foot is almost identical with that on 
the dorsum of the hand. 

It is to be remembered that during the 
early embryonic weeks, when the limbs 
are taking form, blood vessels, in the 
form of an anastomosing network of 
<*,apillarie8, sprout into them. One or 
more channels through this network is 
selected to be the main artery; the rest 
of the network either disappears or 
remains in part as branches of this artery 
(fiU- 4^0- Nature is curiously consistent 
in the paths she singles out. The force 
of the blood behind the chosen path 
eventually causes the artery to straighten, 
presumably for the same reason that 
the of water straightens a hose 

pipe. If, however, some of the branches 
are firmly anchored, as they are on the 
foot, the artery may be compelled to 
take an angular or zig-zag course. The 
dorsalis pedis a. affords a good example 
of erratic selection, for it commonly 
deviates lateralwards and thus comes to 
occupy a position lateral to its accom- 
panying nerve. 



THE LOWER LIMB 


m 


The anterior tibial artery resembles 
the saphenous artery in that it may fail 
to grow more than a short way down the 
leg, in which case the dorsalis pedis artery 
springs from the perforating branch of 
the peroneal artery (Jig. 4So). 

The Lateral Popliteal Nerve (Common 
Peroneal N.). This subfascial nerve, 
after following the posterior border of 
the Biceps tendon and crossing the 
Plantaris, lateral head of the Gastroc- 
nemius, and back of the head of the fibula 
from which it is separated by a film of 
Soleus, comes finally into direct contact 
with the lateral side of the neck of the 
fibula where it divides into three terminal 
branches: 

1. Anterior tibial recurrent nerve 

2. Anterior tibial nerve 

(Deep peroneal nerve) 

3. Museulo-(‘ut*aneous nerve 

(Superficial peroneal nerve) 

These 3 nerves take origin on and — 
save for their terminal cutaneous 
branches — literally never leave the 
skeletal plane. Mark this! Branches 
1 and 2 curve round the neck of the 
fibula deep to all the structures they en- 
counter, namely; the posterior peroneal 
septum, Peroneus Longus, anterior pero- 
neal septum, and Extensor Digitorum 
Longus, and then part company. 

The small braiieli, called the anterior 
tibial recurrent nerve, joins the artery of 
the same name and sends twigs to the 
knee joii>t and to the ''ribialis Anterior. 

The Anterior Tibial Nerve argroaches 
the anterior tibial artery from tne lateral 
side and aceompanlos it through the leg; 
thereafter it accompanies the dorsalis 
pedis and 1st dorsal metatarsal aa. 
through the foot and, becoming cutane- 
ous, divides into two digital nerves, which 
accompany the corresponding arteries 
along the adjacent sides of the 1st and 
2nd toes. It supplies the 4 muscles in 


the anterior cniral region, and on the 
dorsum of the foot it ’sends a lateral 
branch to supply the Extensor Digitorum 
Brevis and the various joints. 

The MmculO’CUianeous Nerve nins ob- 
liquely downwards and forwards, in con- 
tact with the shaft of the fibula and 
covered by the Peroneus Longus, till it 
meets the anterior border of the Peroneus 
Brevis which conducts it to the surface. 
This it reaches along the line of the an- 
terior peroneal septum, a variable dis- 
tance above the apex of the subcutaneous 
triangular area at the Ipwer end of the 



Fio. 421 . Arteries are formed from channels 
through a network. 

fibula (Jig. 426). It supplies the Pero- 
neus Longus and IVroneus Brevis, and 
sends digital branches to all the toes, 
save the adjacent sides of the 1st and 
2nd (ant. tibial n.) and the lateral side ^)f 
the 5th (sural n). 

The Muscles. As may be seen in the 
cix)8S-8eCtions (Jigs. 4^^, 4^S), there are 
two fleshy muscles. Tibialis Anterior and 
Extensor Digitorum Longus, in the upper 
part of the region; and two more fleshy 
muscles, Extensor Hatluds Longus and 
Perorveus Tertius, in the lower part. 
At the ankle these are represented by 
their four tendons. The muscles arise 
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from the walls of the compartment by 
fleshy fibers; so, they leave no marks on 
the bones. The Tibialis Anterior takes 
origin from the tibia; the other 3 arise 
from the fibula; only one muscle, the 
Exlenmr Digitorum Brevis, arises on and 
confines itself to the dorsum of the foot? 

The Tibialis Anterior arises from the 
lateral condyle and upper two-thirds of 
the lateral surface of the tibia and from 


/Musculo -cularveous tv*. 



Lorxcjus 

Fig. 422. Section through the upper third 
of the front of the leg. There are two muscles 
in the anterior region; one in the lateral. 
The vessels and nerves cling to the skeletal 
plane. 

the adjacent part of the interosseous 
membrane and investing deep fascia. 

Incise the deep fascia longitudinally 
and note the muscle fibers arising from it. 
You will then appreciate why the upper 
part of the deep fascia is strong, its fib 9 rs 
largely longitudinal, and the upper part 
of the anterior border of the tibia sharp. 

The stout tendon of the Tibialis Ante- 
rior turns medially to be inserted by two 
slips into the adjacent parts of the medial 
surface of Ae 1st m et atai^^al and 1st 
cuneiform. The tendon fashions the 


lower part of the anterior border of the 
tibia, which, accordingly, turns medially; 
and, because the deep fascia is not at- 
tached here, the border is rounded. 

The Extensor Digitorum Longus is a 
thin, unipennate muscle. It arises from 
the entire length of the narrow anterior 
surface of the fibula and from adjacent 
parts of the interosseous membrane, an- 
terior peroneal septum, and deep fascia. 
It is inserted by means of dorsal expan- 
sions into the distal two phalanges of tlie 
lateral four toes. Its lowest quarter, 
known as the Peroneus Tertius, fails to 
reach the toes, but it gains attachment 
anywhere along the dorsum of the (4th 
or) 5th metatarsal. It is a special ever- 
tor of the foot, and is almost peculiar to 
man. 

The Extensor Hallucis Longus arises 
from the middle two-quarters of the an- 
terior surface of the fibula and from the 
interosseous membrane. It is inserted 
into the base of the ungual phalanx of 
the hallux. It is the only muscle to 
cross the main artery in the leg. 

The Extensor Digitorum Brans arises 
from the anterior part of the upper sur- 
face of the calcaneum and from the ex- 
tensor retinaculum. Its four tendons 
pass to the medial four toes: the tendon 
to the hallux crosses the dorsalis pedis 
artery and is inserted into the base of its 
proximal phalanx; the other three ten- 
dons join the dorsal expansions of the 
Extensor Digitorum iLongus to the 2nd, 
3rd, an4;^4th toes. The fleshy belly of the 
Brevis Vs responsible for the soft swelling 
seen in life on the dorsum of the foot twOj|^ 
inches or so in front of the fibular malleo- 
lus. Deep to it Ue^e j^eral tarsaJL^Jid 
arcuate artmes and the^ lateraLJ>raiicb 
of the anterior tibial neTve. Its tendpn to 
the hallux is the only muscle to cross the 
dorsalis pedis artery. 

The Deep Fascia. In the uppermost 
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part of the front of the leg the deep fascia 
gives origin to muscles; so, its fibers run 
longitudinally, are strong, and cause the 
corresponding part of the anterior border 
of the tibia to be sharp. In the middle 
part it gives origin to no muscle ; so, it is 
weaker. In the lowest part and in the 
ankle region it acts iis retinacula (fig. 
64'^ p. 74) which prevents the tendons 
from bowstringing ; so, the libers are dis- 
posed circularly, like an anklet, and are 
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Fig. 423. Section through the lower third 
of the front of the leg: There are four muscles 
in the anterior region; two in the lateral. 


strong. On the dorsum of the foot the 
fascia is thin. 

The Extensor Retinaculum is in two 
parts — superior and an inferior (fig. 
4^4)- The superior part (transverse cru- 
ral hg.) is a transverse band, on^ or two 
mches deep. laterally, it is attached 

the anterior border of the triangular 
subcutaneous area of the fibula; medially, 
it passes over the anterior border of the 
tibia^ just above the malleolus, and blends 
with the periosteum. This explains why 
the anterior border of the fibula is here 
sharp and why that of the tibia is here 
rounded. In this is found one of the few 


exceptions to the generalisation that 
where fascia encounters bare bone it 
unites with it. The inferior part (crucial 
crural lig.) is placed in ffont of the ankle 
region and has the appearance of a Y- 
s^ped band. The stem of the Y is 
attached to the anterior part of the upper 
surface of the calcaneum; the upper limb 
blends with the periosteum on the medial 
malleolus; and the lower limb blends 
with the plantar fascia. The deeper 



Fio. 424. The extensor and peroneal retinacula. 

fibers of the Y form 2 loops or slings — 
one for the Perineus Tertius and Exteasor 
Digitorum Longus; the other for the 
Extensor Hallucis Longus. The function 
of the loops is to prevent the tendons 
frclm bowstringing forwards and also from 
bowstringing medially. Of this you can 
satisfy yourself by noting the angular 
course taken by the tendons when the foot 
is inverted. The Tibialis Anterior tendon 
which, during dorsiflexion of the ankle 
joint, is the fiost prominent tendon in the 
region, is attached so far back on the 
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side of the foot that it hardly requires 
restraining. Indeed, the limbs of the 
^ retinaculum commonly pass deep to it. 

The Inferior Peroneal Retinaculum may 
be likened to the stem of the Y relayed 
laterally to the peroneal tubercle and 
beyond it. It consists of 2 loops — the 
upper loop holds the Peroneus Brevis 
to the peroneal tubercle; the lower loop 
bridges fhe Peroneus Longiis tendon and 
extends from the tubercle postero-in- 
•feriorly to be attached to the lateral 
surface of thc^ calcaneum. (Superior 
peroneal retinaculum, p. 432.) 

Synovial sheaths that extend about an 
inch proximal and distal to the points of 
friction envelop the tendons. 

The Lateral Crural Region (Fibular or 
Peroneal Region). Palpable Parts. 
By palpation of your own limb you can 
determine the following points ; The upper 
and lower ends of the fibula are subcu- 
taneous; the body is buried in muscles. 
The fibula is not parallel to the tibia but is 
set obliquely to it. Tlic head of the Jibnla 
is rounded and a blunt apex or styloid 
process rises from its posterior part. The 
lateral popliteal (common peroneal) nerve 
can be rolled behind the head. The 
malleolus is triangular; its anterior and 
posterior borders are conspicuous and 
palpable; and its blunt apex descends 
from the posterior border. Its lateral 
surface is subcutaneous and is uninter- 
ruptedly continuous with a subcutaneous 
area on the shaft, shaped like an isosceles 
triangle. The apex of the suboutaneous 
triangle is three or four inches above the 
malleolus, and it leads to the anterior per- 
oneal septum which is attached to the an- 
terior border of the fibula. The musculo- 
cutaneous nerve becomes cutaneous along 
the line of^he septum. The cord-like 
lat^al ligament of the knee nfns obliquely 
downwards and backwards to be attached 


to the head of the fibula, just in front of 
its apex. It can be felt when the knee is 
flexed but not when it is extended, because 
the Biceps then covers it. The cord-like 
calcaneo-Jibular ligament is attached to 
the malleolus of the fibula, just in front 
of its apex. It also runs obliquely down- 
wards and Ijack wards. It can be mapped 
out but not palpated, because it is crossed 
by the long and short peroneal tendons. 

Muscles. The Peronei Longus et 
Brevis fill the lateral crural compartment. 
They arise from the lateral aspect of the 
fibula and slightly from the anterior and 
posterior peroneal septa. The Peroneus 
Longus arises from the upper two-thirds 
of the compartment ; the Peroneus Brevis 
from the lower two-thirds ; and they over- 
lap each other in the middle third. The 
two muscles are similar in structure, each 
being bipennate in its upper half and uni- 
pennale in its lower half {fig. f25). The 
Brevis is inserted into the doisum of the 
})asc of the 5th metatai'sal beyond its tip. 
The Longus enteis the sole of the foot be- 
hind the base of the 5 th metataisal, runs 
in the groove on the lateral and under 
surfaces of the cuboid, and is inserted into 
the same two bones as the Tibialis Ante- 
rior, but on their lateral aspects. With 
the Tibialis Anterior it forms a stirrup for 
the foot. The Brevis is, therefore, 
anterior to the Longus in the leg and 
above it on the side of the foot. It is 
easily seen that the tendon of the Brevis 
fashions the posterior aspect of the fibular 
malleolus and of the subcutaneous area 
above it. The fibular malleolus plays 
the part of a pulley for the two Peronei; 
so, it is rounded posteriorly and is grooved 
by their tendons. Both tendons cross 
the calcaneo-fibular ligaiuent of the ankie/ 
joint. They are bound down by the 
superior and inferior peronpal retinacula. 
Behind the malleolus and 'below it, the 
two tendons lie within a single synovial 
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sheath ; at the peroneal tubercle, the 
sheath bifurcates and envelops each ten- 
don separately for an inch or more. 
The sheath for the Peroneus Longus may 



Fio. 425. The peroneal or lateral crural 
region. 

or may not be continuous with the sheath 
wrapped around it in the sole. 

The Functions of the Fibula. In am- 
phibia the fibula is as largo as the tibia. 
It articulates with the femur above and 


with the tarsus below and it is weight 
supporting. In reptiles it is smaller than 
the tibia and it bears less weight. In 
monotremes and marsupials it is still 
further reduced. In horses and rumi- 
nants the shaft of the fibula either dis- 
a'ppears or is represented by a fibrous 
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Fio. 426. The muscles attached to the fibula 
pull downwards — except the Biceps. 

« 

band that connects the upper and lower 
ends; and the ends are either incorporated 
with the tibia or in articulation with it. 
In carnivora and primates the complete 
fibula exists, but it does not bear weight. 
Only in man does the fibular malleolus 
descend below the level of the tibial 
malleolus. 
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In man the functions of the fibula are 
three-fold : 

1. It gives origin to muscles. 

2. It forms an clastic side for the socket 

for the talus. 

3. It acts as a pulley for the tendons of 

the Peronci. 

Nine muscles are attached to the fibula. 
Of these the Biceps i)ulls upwards, the 
other eight pull downwards (fig, 426). 


SUPR. JOINT 



Fio. 427. The tibio-fibular articulations. 
The fibula is moored to the tibia by fibers, 
practically all of which resist the downward 
pull of the muscles. They do not prevent tlie 
fibula from being forced upwards. „ 

All ligamentous connections between tibia 
and fibula are so directed as to resist this 
downward pull, i.e., they pass downwards 
and laterally and constitute a functional 
unit {fig. ^7). 

The Tim-fibular Joints. The fibula 
is anchored to the tibia at its upper end, 


along its shaft, and at its lower end; so, 
there are three tibio-fibular joints — a 
superior, a middle, and a lower. 

The Superior Tihio-fibiilar Joint has a 
synovial cavity and is of the arthrodial or 
gliding variety. A small, flat, round 
facet on the head of the fibula articulates 
with a similar facet on the postero-lateral 
part of th(i lateral condyle of the tibia. 
A capsule with very strong anterior fibers 
encloses the cavity. Behind the joint 
is the Popliteus tendon, separated by the 
Popliteus bursa. The bursa may bring 
this joint and the knee joint into com- 
munication (fig. 486). In front it is 
practically subcutaneous, though a few 
fibers of the Peroneus Longus and Ex- 
tensor Digitorum I.ongus cover it. 

The Middle and Inferior Tibio-fibular 
Joints are syndesmoses, The interosseous 
membrane or middle joint extends down 
the respective sides of the tibia and 
fibula, producing a sharp line on each. 
Below, each line expands into a large, 
rough, triangular area which is concave 
on the tibia (fibular notch) to receive the 
corresponding cori\'cx area on the fibula. 
The rough triangular area on the shaft 
of the fibula is separated from the smooth, 
triaiurular facet on the fibular malleolus, 
which articulates with the talus, by a 
horizontal strip of cartilage. It is ob- 
\ iou.s that union must here bo strong in 
order to prevent lateral displacement of 
the talus; so, the interosseous membrane 
expands to form an interosseous ligament 
which binds the opposed triangular areas 
together. In addition, a strong anterior 
band, and a very much stronger posteri* 
one, called the anterior and posterior 
inferior tibio-fibular ligaments (ant, and 
post. ligs. of the lateral malleolus), stretch 
from the margins of the fibular notch of 
the tibia to the adjacent borders of the 
fibular malleolus. A long band, the 
transverse tibio-fibular ligamenty stretches 
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from the posterior margin of the inferior 
articular surface of the tibia to the malle- 
olar fossa of the fibula. 

Functions, All the ligaments men- 
tioned above have a common direction. 
They prevent the fibula from being pulled 
down by the muscles, but they allow it to 
be forced upwards, or upwards and later- 
ally, as happens in extreme dorsiflexion of 
the ankle. This yielding or suppleness 
gives strength to the ankle joint and is 
more desirable than rigidity. 

Halations, The peroneal artery de- 
scends behind the joint; its perforating 
branch descends in front of it. {Fig, J{S5.) 

Shaft of the Fibula (fig. 4^8). The 
shape of th(' shaft depends largely on the 
muscles and septa attached to it. It is 
easiest to In^gin with the peroneal surface 
The peroneal surface is found by placing a 
finger behind the malleolus, which is the 
pulley for the Peronei, and letting it run 
up the shaft to the head of the bone. 
This surface is broad and spiral and it is 
bounded by lines, the anterior and poste- 
rior borders, which give attachment to 
the anterior and posterior peroneal (inter- 
muscular) septa. To make doubly sure 
of the anterior border, which separates 
the peroneal and extensor surfaces, place 
a finger on the subcutaneous, isosceles 
triangle above the malleolus and run the 
finger straight upwards to the head of 
the bone. The extensor surface faces con- 
sistently forwards and is almost linear, 
because it gives origin to the unipennate 
Extensor Digitorum Longus in its upper 
three quarters and to the Peroneus Ter- 

t s in its lower quarter. It broadens 
newhat in its middle two quarters to 
afford origin to the Extensor llallucis 
Longus. The posterior or flexor surface 
is broad and it gives origin to the Soleus 
in its upper third and to the Flexor 
Hallucis Longus in its lower two-thirds. 
It is spiral, like the peroneal surface next 


to it. The area for the TibiaUs Posterior 
is the enigma; it is fusiform and is to bo 
found thus: put a finger on the rough 
area for the interosseous ligament — ^that 
is, the area above the smooth, triangular 
facet on the malleolus that articulates 



with the^ talus — ^and follow it upwards. 
It becomes a line which splits, one third 
to one half of the way up the shaft, into 
an anterior line and a prominent posterior 
crest. These enclose a fusiform area for 
the Tibialis Posterior. The anterior line 
is the interosseous border for the interos- 
seous membrane; the prominent crest is 
for the fascia covering the Tibialis Poste- 
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nor. It is a common and natural mistake 
to regard Uie prominent posterior crest 
as the interasscous border. 

There is a deep hollow, the malleolar 
fossdj between the grooved pulley behind 
the inaJJeolus and the triangular . facet 
for the talus. 

Ossification. The shaft of the fibula 
ossifies about the eighth fetal week, like 
the shirfts of other long bones. The 
upper end begins to ossify about the 5th 
year and fuses about the 10th. The 
lower end begins to ossify about the 2nd 
year and fuses'" about the 18th. The 
epiphyses, then^fore, break the rule of 
ossification which says the epiphysis with 
most work to do starts early and ends 
late ifg. i'^0). This departure is ex- 
plained by the fact that the upper epi- 
physis is not a pressure epiphysis in man 
but a traction epiphysis, like that of the 
upper end of the ulna; so, it a])pears late, 
and it cannot fuse until the tibia stops 
growing, because it is joined to it. The 
nutrient forarncii is directed downwards 
away from the more acti\e]y growing 
end. 

THE BACK OF THE LEG 

(posterior tibio-fibuiar region ) 

The Bony Framework ot dir back of 
the leg: In a resfricU'd mmisc, lies is the 
posterior surface^ of tin* libia and (ibula 
below the j)opliteal n'ginii, but (‘xclusive 
of the fibular malleolus and of the area 
just above it which the Peronca cover. 
In the wider sense and for practical pur- 
poses, all skeletal parts visible from 'oe- 
hind, from the popliteal surface of the 
femur distally, should be taken into 
account with this region. 

Note the following features — you 
may consi^r sketching them: The /em- 
oral condos project backwards; they 
are a thumb's breadth apart; their poste- 


rior surfaces are articular and oval. The 
epicondular lines descend to the epicon- 
dijlcs. The adductor tvbcrcle rises from 
the lower end of the medial cpi condylar 
line. The lower epiphyseal line of the 
femur runs through the adductor tubercle 



Fia. 129. Posterior aspect of the bones of the 
leg and foot. 

and along the intercondylar line. The 
tibial condyles overhang the shaft of th#^ 
tibia posteriorly and at the sides, but not 
in front. The upper epiphyseal line of 
the tibia runs half-an-inch below the 
upper surface (fig, 429). The horizontal 
semimembranosus groove occupies the hin- 
der part of the epiphysis of the medial 
condyle. The round fibular facet occupies 
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the hinder part of the epiphysis of the 
lateral condyle. The rounded head of* 
ihe fibxda, supported by its neck, ends in 
an apex or styloid process which fails to 
rise to the level of flic knee joint. The 
smooth, flat, posterior surface of the 
body of the tibia, narrowest at the junc- 
tion of its upper f and lower i.s crossed 
by an oblique, rou^i^h line, the solcal 
line, from which a vertical line descends 
in the middle ] of this surface The 
nutrient or medullary foramen, which is 
the largest in the body, is directed away 
from the knee, thus indicating that the 
upper end of the tibia grows more than 
the lower end. The fibula is so twisted 
spirally that the surface that faces poste- 
riorly above faces medially below, and the 
surface that faces laterally above faces pos- 
teriorly below. Tliis is owing to the fact 
that the Pcronci wind on to the back of 
the fibular malleolus and utilize it as a 
pulley. The hbial malleolus, which also 
plays the part of a pulley, is f shorter 
than the fibular malleolus. 

The following parts of the talus and 
calcaneum are in view: The rapidly 
narrowing hinder j)ari of the upper articu- 
lar surface of the talus ends at a deep 
groove placed between the posterior and 
medial tubercles of the talus. The groove 
lodges the Flexor lialliicis Longus tendon 
and, therefore, runs downwards and medi- 
ally. It is continuous above with a faint 
groove on the lower end of the tib\a mid- 
way between the malleoli; and below 
with a decided groove on the under sur- 
face of the sustentaculum tali. The 
fiosterior third of the calcaneum projects 
backwards beyond the talus and forms 
the prominence of the heel. The upper 
surface of this third of the bone is saddle- 
shaped. The posterior surface is convex 
from above downwards, and is narrow 
above and broad below where it ends in a 
large medial tubercle and a small lateral 


one. Only the medial one rests on the 
ground. 

One part of the fibula belonging to this 
region is not \isible from behind: it is 
the part that gives origin to. the Tibialis 
posterior. It occupies the middle three- 
fifths of the shaft between the interosse- 
ous border in front and a prominent 
crest behind. 

Muscles. The muscles of flie pos- 
terior crural region are much larger 
and more powerful than those of the 
anterior crural region, because they are 



Fig. '130. Transverse section through middle 
of leg. 

required to sustain the whole weight of 
the body when one rises on the toes in 
walking {fig. JtSO). 

The muscles are disposed in 2 groups, 
asuperficial and a deep : 

Superficial group: 

(1) Gastrocnemius 
(' 2 ) Plantaris 
(3) Soleus 

The Gastrocnemius has two bellies 
which form the side boundaries of the 
lower half of the popliteal fossa. The 
Soleus arises at the lower limit of the 
fossa. The Plantaris is placed between 
' them. All 3 are inserted into the heel, 
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which they raise in walking. They are 
supplied by the medial popliteal n., 
near their upper borders. 

Deep group: 

(1) Flexor Hallucis Longus and 

(2) Flexor Digitorum Longus (pas.s to 
the end phalanges of five toes) 

(3) Tibialis Posterior (passes to all the 
small tarsals and most metatarsals) 

The Gastrocnemius has two flattened 
heads of origin which are largely tendi- 
nous. The lateral head arises from the 
epicondyle of the femur just above the 
impressions for the Poplitcus and lateral 
ligament of the knee; the medial head 


the latter and the capsule of the knee 
joint. This in turn may communicate 
with the knee joint (in 42.4% of 528 
dissecting room limbs). So, fluid in the 
joint, resulting say from a sprain, can 
in this circumstance pass from the knee 
joint via the Gastrocnemius buisa into 
the Semimembranosus bursa and cause a 
swelling at the back of the kne6. A 
sesamoid bone is commonly found in the 
lateral head of the Gastrocnemius, and 
less commonly in the medial head. 

The tendon of Achilles and the liga- 
mentum patellae are comparable {fig. 
4S1). They are approximately equal in 



Fig. ^31. The tcnclo calcaneus and Ugamentum patellae compared. 


arises from the popliteal surface of the 
femur, above the medial condyle. The 
two resulting fleshy bellies are united by a 
fibrous line at the bottom of a deep furrow 
which lodges the short saphenous vein 
and the cutaneous branch of the medial 
popliteal nerve. The bellies end at the 
middle of the leg in a broad aponeurosis 
that blends ^vith the aponeurosis of the 
Soleus to form the iendo calcaneus or 
tendo Achillis. The two bellies of Ihe 
Gastrocnemius account for the fullness 
of the calf. T]ie Oastrocnernius and 
Soleus are referred to as the Triceps Surae 
>(Sura, L. = the calf). A bursa between 
l^e tenddl^ of the Semimembranosus 
and the medial head of the Gastrocne- 
mius communicates with a bursa between 


length. Each is inserted into the in- 
termediate I of an epiphysis, the lower 
i of which is subcutaneous, while the 
upper I has a subtendinous bursa. There 
is a large pad of fat between the bursa 
and the capsule of the nearest joint. 
Superficial to the lig. patellae Is the 
superficial infrapatellar bursa; superficial 
to the tendo Achillis there may be a 
bursa. The Soleus is more powerful 
than the Gastrocnemius, and it coii|^ 
tributes more to the thickness of the 
tendon. Its fleshy fibers are inserted 
into the deep aspect of the tendon to 
within an inch of the calcaneura. 

The Plantaris is placed between the 
Gastrocnemius and the Soleus. It has a 
fleshy part, the size of an Interosseous 
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muscle, and a tendon about a foot Ic^ng. 
It arises near the lateral head of tlie 
Gastrocnemius and it is inserted along 
the medial side of the tendo Achillis. In 
lower mammals (monkey, rabbit, dog) 
it is a large muscle whose tendon runs in 
a groove behind the calcaneum on its way 
to the toes, which it flexes. In planti- 
grade man it is divided by the calcaneum 
into a sural and a plantar part. The 
sural part is vestigial and, like its homo- 
logue the Palmaris, is variable in its 
attachment and is sometimes absent 



Fiq. 432. The increasing origin of the Soleus 
is horseshoe-shaped. 

(p. 31 ). The plantar part has become the 
plantar aponeurosis, and, as such, haa 
assumed the duties of a tie for the longi- 
tudinal arches of the foot. 

The Soleus is shaped like the sole of a 
boot. Ill the monkey its origin is limited 
to the back of the head of the fibula; in 
rnan it extends on to the upper third of 
l^e posterior surface of the fibula, spreads 
across the posterior tibial vessels and 
nerve and acquires attachment to an 
oblique line on the tibia and to the medial 
border of the tibia for a variable distance 
below the oblique line {fig, JiS2), So, it 
has a horseshoe-shaped origin,. Short 
fleshy fibers pass from tendinous septa in 


the muscle to the aponeurosis that covers 
its posterior surface. On this aponeuro- 
sis the Gastrocnemius plays before join- 
ing it to form the tendo calcaneus, just 
as the Rectus Femoris plays on the Vasti. 
The anterior fasciculi of the Soleus are 
bipennate. 

The Deep Muscles. Above the horse- 
shoe-shaped origin of the Soleus, the Poplit- 
eus is inserted into the posterior surface 
of the tibia by fleshy fibers. As shown in 



Fto. 433. Three bipennate musclea resem- 
bling three plumes. 

figure 434, the Poplileus arises by tendon 
from the lateral epicond 3 de of the femur, 
runs backwards between the lateral liga- 
ment of the knee and the lateral semilunar 
cariiilage,*and occupies the groove behind 
the superior tibio-fibular joint before 
passing to its insertion. The oblique 
line of the tibia is rough medially, but less 
distinct laterally. It owes its presence 
mainly to the Soleus, whose origin is 
fibrous, and partly to the medial fibers 
of the fascia covering the Poplitcus which 
.are strong and vertical because thqy form 
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part of the insertion of the Semimem- 
branosus {jig. ^0/7). Below the horse- 
shoe-shaped origin arc three bipennate 
muscles which roonll the three plumes 
that surmount the mol to “Icli Dicn” {jig. 
4.33). Tlie thn^e plumes are of uneciual 
length: the middle* r)ne (1'ibialis Poste- 
rior) is the longest; the* medial one 



Fig. 431. The deep nuj -.l ies of the back of 
the leg — above the horsosluK-shsiped origin of 
the Soleus and below it. The course of the 

artery. 

(Flexor Digitoruin Longiis) is interme- 
diate in length; while the lateral one 
(Flexor Hallucis Longus) is the sh8rt- 
est. The tendons of these three muscles 
are, then, the quills of the plumes; and in 
passing downwards and medially to enter 
the sole of the foot they groove the lower 
end of the&bia. 

There are, in fact, 5 tendons behind the 
ankle region. Of these, 2, the Peronei 


Brevis et Longus, groove the back of the 
fibular malleolus; 2, the Tibialis Posterior 
and Flexor Digitorum Longus, groove 
the back of the tibial malleolus; and one 
the Flexor Hallucis Longus, grooves the 
lower end of the tibia midway between 
the malleoli {jig. W). The malleoli are, 
in so far as these tendons are concerned, 
not “little hummers” but pulleys. ' 

Thio Tibialis Posterior arises from the 
upper two-thirds of the interosseous 
membrane and from the bone on each 
side of it, namely, from the medial sur- 
face of the fibula and from the posterior 
surface of the tibia lateral to the vertical 
line. Its upper limit is at the superior 
tibio-fibular articulation. Its tendon in- 
clines medially to reach its pulley, which 
is the medial malleolus, and in so doing 
it leaves the lower part^of this surface of 
the tibia uncovered. From its origin in 
the leg to its insertion in the foot the 
Tibialis Posterior cJingh faithfully to the 
skeletal j)lane {figs. /io7j 

The fascia co\'cring the posterior 
surface of the Tibialis Po^lerior is in large 
measure an aj)oneurosis of origin for the 
FI. Digitorum Longus; so, its fibers run 
downwards and medially from a crest on 
the fibula to the vertical line on the tibia. 

Tnic Flexor Digitorum Longus arises 
from the posterior surface of the tibia 
below the oblique line and medial to the 
vertical line, and from the fascia cover- 
ing the Tibialis Posterior. Its tendon 
cros.ses the Tibialis Posterior tendon 
superficially behind the medial malleolus. 

The Flexor Hallucis Longus is in- 
serted into the terminal phalanx of th0:/ 
great toe — the toe off which one rises 
when walking and running — conse- 
quently, like the Soleus, it acquires an 
extensive origin. Not content with the 
limited surface the fibula has to offer, the 
origin of the Flexor Hallucis Longus 
encroaches upon every adjacent territory; 
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thus — it gains attachment laterally to the 
posterior peroneal septum; medially to 
the fascia covering the Tibialis Posterior, 
and in so doing it spreads across the 
peroneal artery, which consequently runs 
through a tunnel in this muscle ; below the 
level at which the Tibialis Posterior be- 
comes tendinous, its fleshy fibers seize 
the opportunity to gain attachment to 
the interosseous membrane and to the 
tibia as far down as is functionally possi- 
ble. And, when the Soleus fails to occupy 
its allotted part of the upper third of the 
fibula, the Flexor Hallucis Longiis com- 
monly creeps up on to it. There would, 
indeed, seem to be a struggle between 
these two muscles, so important to man, 
for possession of this disputed territory. 
The muscle is so bulky it overlaps and 
largely conceals the fleshy part of the 
Tibialis Posterior, Its tendon grooves 
the lower end of the tibia midway be- 
tween the two malleoli. 

Arteries and Nerves. There are two 
great arteries and one nerve in this region, 
namely : 

The posterior tibial artery 

The peroneal arter}^ 

The pc^terior tibial nerve 

The Posterior Tibial Nerve is tlie con- 
tinuation of the medial popliteal nerve, 
the change in name takes place where 
the Popliteus ends and the Soleus be- 
gins, i.e., at the soleal or oblique line 
of the tibia. It lies between the two 
arteries, closely applied to the lateral side 
of the posterior tibial artery. All three 
travel distally behind the fascia covering 
:the Tibialis Posterior, and, when this 
muscle inclines medially, they continue 
their courses on the skeletal plane. The 
posterior tibial nerve takes a straight 
course, crosses the posterior tibial artery 
and gains its lateral side. It supplies 
the three deep bipennate muscles and 
the deep part of the Soleus (which also 


is bipennate) and it ends deep to the 
fle xor r etjoaculum .Xl aciniate lig.) by 
dividing into the medial and the lateral 
plantar nerve. 



Fio. 435. The arteries and nerves of the 
back of the leg. 

The Posterior Tibial Artery is the 
larger of the two terminal branches of the 
popliteal artery. It begins at the upper 
border of the Soleus, and ends deep to the 
flexor retinaculum by dividing into the 
medial and the lateral plantar artery. 
Venae comitantes and the posterior tibial 
nerve accompany it. The Flexor Digito- 
rum Longus lies medially; the Flexor 
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Hallucis Longus lies laterally; the fascia 
covering the Tibialis Posterior, the shaft 
and lower end of the tibia, and the capsule 
of the ankle joint lie anteriorly. The 
Soleus is superficial to it above; near the 
anklo two layers of fascia cover it. When 
this fascia is relaxed by inverting the foof, 
the pulsations of the artery can be felt 
the breadth of two tendons (Tibialis 
Posteriof & FI. Digitorum Longus) from 
the border of the medial malleolus. 

The Peroneal Artery arises from the 
posterior tibial artery before the latter is 
crossed by the pfbsterior tibial nerve. It 
descends first behind the fascia covering 
the Tibialis Posterior and lies deep to the 
Flexor Hallucis Longus, which has spread 
across it; it then continues downwards 
behind the fibula, inferior tibio-fibular 
joint, and ankle joint, and ends on the 
lateral surface of the calcaneum as the 
lateral calcanean artery. 

Branches, Both the posterior tibial 
artery and its peroneal branch ,have 
muscular^ culaneousy medullary, communi- 
cating, and calcanean branches. The 
medullary branch of the posterior tibial 
artery enters the tibia below the soleal 
line. It is the largest of all medullary 
arteries to long bones. The medullaiy 
branch to the fibula is small anrl comes 
from the peroneal artery. Both medul- 
lary canals are directed away from the 
more actively growing ends of the bones 
— the knee ends. The communicating 
branch unites the peroneal and posterior 
tibial arteries behind the lower end of the 
tibia, and in the absence of thc^proximal 
end of either artery it may become a 
main channel. The peroneal artery ends 
as the lateral calcanean artery described. 
The posterior tibial artery and its lateral 
plantar branch give off medial calcanean 
branches ^liich perforate the flexor 
retinaculum and supply the medial and 
inferior aspects of the heel. The pero- 


neal artery gives off a perforating branch 
which pierces the interosseous membrane, 
runs dowm in front of the inferior tibio- 
fibular joint, and anastomoses on the 
lateral side of the ankle. When the 
anterior tibial artery fails to reach the 
ankle (in 3.5 per cent of 536 limbs), the 
dorsalis pedis artery springs from the 
perforating peroneal artery. ' 

To expose the two arteries and nerve 
at operation, you would require to work 
from the medial side of the leg, because 
the Flexor Hallucis Longus is so large 
and overlapping ( fig, 430). 

Deep Fascia. The deep fascia at the 
back of the leg is in several sheets: (1) 
the investing layer, (2) the intermuscular 
layer between the Soleus and the 3 deep 
bipennate muscles, (3) the layer covering 
the Tibialis Posterior, and (4) the layer 
covering the Popliteus. The last two 
have been described. 

The investing deep fascia is attached to 
the medial border of the tibia and poste- 
rior border of the tibial malleolus 
medially; and to the posterior peroneal 
septum and, through it, to the fibula 
laterally. No muscle arises from it; 
and it is not thick, except at the ankle 
where it forms strong medial and lateral 
bands, the flexor retinaculum and supe- 
rior peroneal retinaculum. These stretch 
postero-inferiorly from the tibial and 
fibular malleoli respectively to the cor- 
responding sides of the calcaneum. 

The ’ intermuscular layer of fascia be- 
tween the Soleus and the three deep 
bipennate muscles is limited above and 
at the sides by the borscshoe-shaped^ 
origin of the Soleus; below, it forms aJ^ 
anklet which holds in place the five deep 
tendons at the back of the ankle; so, it is 
strong and is composed of transversely 
placed fibers. It is owing to the narrow- 
ing of the Soleus to form the tendo 
Achillis that the intermuscular layer 
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comes to the surface and blends with 
the investing deep fascia and reinforces 
the flexor and superior peroneal retinac- 
ula {fig, ItS6), 

The Short Saphenous Vein drains 
the lateral end of the dorsal venous arch 
of the foot. It runs below the lateral 
malleolus, along the side of the tendo 
Achillis, between the two heads of the 
Gastrocnemius, and, after piercing the 


eXTENSOR RETINACULUM 



Fio. 436. Horizontal section through ankle 
joint showing (a) wedge-shaped socket, (b) 
direction of ligaments, (c) five posterior ten- 
dons, and (d) the investing and intermuscular 
deep fascia. 

p opliteal fascia, ends partly i n t p.oj> 
liteal^jvem and partly in the profunda 
fern oris vein. 

The cutaneous veins of the leg form an 
open anastomotic network between the 
long and short saphenous veins, and they 
communicate along the intermuscular 
septa with the deep veins. Above the 
ij|nkle the valves in the communicating 
veins are so directed that the blood flows 
from the superficial veins into the deep 
veins, and from the short saphenous vein 
into the long saphenous vein. 

The Cutaneous Nerves are: terminal 
twigs of the ( I ) posterior cutaneous nerve 
of the thigh, (2) medial cutaneous nerve 


of the thigh, and (3) obturator nerve 
(sometimes), all three of which end in the 
proximal part of the calf ; (4) twigs of the 
saphenous nerve throughout the medial 
side of the leg; (5) the cutaneous branch 
of the medial popliteal (tibialj nerve, 
called the sural nerve, which descends 
in the furrow between the two heads of the 
Gastrocnemius and is joined at a variable 
level by (G) a cutaneous branch of the 
lateral popliteal (peroneal) nerve, called 
the communicating sural n. The sural 
nerve continues with the short saphenous 
vein along the lateral bortler of the tendo 
Achillis, below the lateral malleolus, and 
along the lateral border of the foot to 
end as the digital nerve to the lateral side 
of the little toe. It anastomoses with the 
musculo-cutancous nerve and commonly 
takes over part of its territory. 'J'he pat- 
terns formed by these nerves are 
numerous. 

THE FOOT 

» 

The Bones of the Articulated Foot. 

The study of the bones of the foot is too 
often undertaken as a difficult and un- 
pleasant task. It is believed that if the 
student will give thought to the remarks 
describing the accompanying diagrams, 
verify the statements by referring to an 
articulated foot, and make use of his own 
foot to study the surface relations, he 
will find himself familiar in a practical 
w'ay with the important details of the 
foot; and, when he comes to read in the 
text-book descriptions of the individual 
bones, hp will find that he is able to 
anficipate much of what is written. He 
can, of course, test his own knowledge 
by reproducing the diagrams. 

Examine the dorsum of an articulated 
foot and make the following observations: 

1. Outline. The medial border of the 
foot is almost straight; the most project- 
ing toe is the big toe, or quite commonly 
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the 2nd; the little toe projects the least; 
and the lateral border converges on the 
rounded heel (fig. 4^7). 

2. The line joining the midpoints of the 
medial and lateral bordei'S of the foot is 
oblique. In front of it lie the metatarsal 



Fig. 438. The dorsum of tbe«foot. 


bones and phalanges; behind it lie the 
tarsal bones. The tarsals are short or 
cubical bones and are described as having 
6 surfaces (their borders are ignored). 
The met^it^trsals and the proximal 
phalanges are long or cylindrical bones 
with a body and two ends. The middle 


and lingual phalanges, though develop- 
mentally long bones with epiphyses at 
their proximal ends, are in reality ufxiular 
and rudimentary; those of tlte little toe 
are commonly fused together. That this 
degeneration of the little toe is not due 
to the wearing of boots is shown by the 
fact that it occurs in the feet of primitive 
peoples who wear no constricting foot- 
gear. Of the metatarsals, the 1st is the 
stoutest and strongest; the 2nd projects 
fore and aft the metatai^sals on each side 
of it; the 5th has a pointed, projecting 
base (Jig. 4S8). The hallux has but two 
phalanges both of wliich are stout. 
Metatarsals are told from metacarpals by 
their length and side to side flattening. 
The Jst is rounded medially and dorsally, 
in conformation with the transverse arch- 
ing of the foot; its lateral surface is flat; 
its base is kidney-shaped. The student 
commonly refci*s it to the wrong side of 
the body. The phalanges, not being pre- 
hensile, are small. 

3. The Transicrse Tarsal Joint. The 
movements permitted at the ankle joint 
are flexion and extension; it is a hinge 
joint. When, therefore, you in turn your 
foot in order to obtain a view of the sole, 
that is when yon invert your foot, some 
joint other than the ankle must be in- 
volved. It is evident that to permit of 
this rotatory motion a joint or joints in 
which convex surfaces are in articulation 
with concave surfaces are requisite. This 
condition is found where the head of the 
talus, which is globular, fits into the pos- 
terior surface of the navicular, which is 
cup-shaped ; and where the anterior sur-r 
face of the calcaneum, which is cut away 
infero-medially, articulates with the pos- 
terior surface of the cuboid, which, being 
the counterpart, has a backwardly pro- 
jecting process called the calcanean angle 
or process. It is at these joints, the 
talo-navicular and calcaneo-cuboidy collec- 
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lively known as the transverse tarsal 
joint, that movements of invei-sion and 
evei'sion take place; they augment the 
movement#^ at the talo-calcancan joints. 

4. Thu 3 Uniis^^ of the Foot. The 
obliquely placed tarso-inetatarsal articu- 
lation and the concavo-convex transvcisc 
tarsal joint of inversion and eveision 
serve to divide the foot into three units: 
an anterior, a middle, and a ])osterior 
{fiq. 4‘39). 

The Posterior Unit comprises the two 
large taisal hones: (a) talus, and (b) os 
cal can cu m {Jlqs . 4 0 ■ 

The Tains rests on the anterior two- 
thirds of lliti eal('an('Uin and projects 
slightly ill from of il. It has a body, 
neck, and head. T1 h‘ iq)p(‘r surface of 
the body supjioris llie tibia, is (‘Utirely 
articular, and is saddle-sliaped. Tlie 
sides ot the bn(h’ are grasperl by the 
per surface of th(‘ body supports the tibia, 
is entirely articular, and is saddle-shaped. 
The sides of the body are grasped by the 
malleoli, and the facets that result corre- 
spond in length and shape with those of 
the malleoli. The po.sterior surface of 
the bod}’ is restricted to two tubercles, a 
medial and a posterior, separated by a 
groove for the Flexor Ilallucis Longus 
tendon and, therefore, running downwards 
and medially. The upper surface of the 
neck is rough. The head is rounded in 
front to articulate with the navicular 
bone. 

The Os Calcanenm is large and oblong. 
It is divided into The anterior § sup- 
ports the talus; the posterior J forms the 
prominence of the heel and rests on the 
ground. The anterior surface is wholly 
in articulation with the cuboid. The 
posterior third of the upper surface is 
saddle-shaped, horizontal, and free; the 
intermediate third is oblong, convex, ar- 
ticular, and oblique; the anterior third 
forms a non-articular horizontal plat- 



Fio. 139. The three “units” of the foot. 



Fi(]. 440. ^'ho lateral aspects of the talus 
and os calcancuiii. The arrow traverses the 
tarsal tunnel. 


Plexor Had.lu.cts Lor\.qus 



Fio. 441. The medial aspects of the talus 
anti os calcancum. 
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form laterally, and has a small facet 
medially for the head of \he talus. This 
facet may or may not be continuous with 
a facet on a medially projecting shelf, the 
sustentaculum tali. Pass a probe 
through the tunnel between talus and 
calcaneum. Enter it behind the susten- 
taculum and observe that it passes down- 
wards and laterally and debouches on 
to the gnterior third of the upper surface 
of the calcaneum. The lateral surface is 
almost flat and vertical. [Jt has, how- 
ever, a tubercle, the peroneal tubercle or 
trochea, placed half-an-inch below the 
fibular malleolus and a fulness half-an- 
inch behind this for the calcaneo-fibular 



Fin. 442. Tlic middle “unit,** comprising the 
five email tarsal bones, is a modified wedge 

ligament.] The medial surface is hol- 
lowed out between the sustentaculum and 
the posterior surface deep enough 1o re- 
ceive the thumb. The posterior surfai;e 
(tuberosity) is non-articular, and it is 
wider below than above, ft is con- 
tinuous, on the plantar surfac^o, with a 
large medial tubercle and a small lateraJ 
tubercle. 

The Middle Unit comprises the five 
small tarsal bones and roughly resembles 
a triangle or a wedge whose apex is 
lateral and base medial (fig. 44^)- The 
triangle is not geometrically perfect; the 
anterior side does not present a straight 
side to the 5 metatarsals, but is indented 
between the 1st and 3rd cuneiforms to 
receive tl^base of the 2nd metatarsal 
which is morticed between them. This 
morticing locks the bone and prevents 


side to side shifting of the anterior unit 
of the foot. The posterior side, when 
viewed from behind, is seen to be doubly 
concave; so, it allows of inversion and 
eversion of the middle unit on the 
posterior unit. The blunt apex, formed 
by the lateral surface of the cuboid, is 
grooved for the tendon of the Peroneus 
Longus. The base, where formed by the 
medial surface of the navicular, presents 
a tuberosity ; where formed by the medial 
surface of the medial cuneiform, it is not 
distinctive but merely forms a^art of 
the arched dorsum of the foot. 

A 



Fio. 443. The base tells the side. 

5. If you accept the following gcneral- 
ization and apply it, you will have no 
difficulty in converting figure 44^ bifo 
the shaded part of figure 4S8. Two 
continuous articular facets never, or hardly 
ever, lie in precisely the same plane; even 
when two facets on one bone are continuous 
with one another, they always, or almost 
always, meet at an angle, that is they form 
inclmed planes. 

On putting this to the test you find 
that the anterior surface of the naviculai^, 
presents to the cuneiforms not one plane 
but three; and that the medial surface of 
the cuboid presents to the navicular and 
lateral cuneiform not one plane but two. 
Again, the base of the 2nd metatarsal 
fits not into a square recess but into an 
obtuse angled one; and the bases of the 
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3rd, 4th, and 5th metatarsals occupy not 
one plane but three different planes, for 
the lateral cuneiform projects beyond the 
cuboid, and the facets on the cuboid for 
the 4th and 5th metatarsals are inclined 
to one another. Hence, the oblique 
anterior surface of the wedge interlocks 
with the bases of the metatarsals. 

The posiero-lateral angles of the bases 
of the 2, 3, 4, and 5th metatarsals point 
to the sides to which they belong {fig, 
44S); not so the base of the 1st metatar- 
sal. Its posterior surface is concave 
from side to side, suggesting that it once 
possessed a lateral hinge movement and 



Fia. 444. Variations in metatarsal facets. 

that, like the great toe of the ape, it wsls 
at one time used for prehensile purposes. 

The contiguous sides of the bases of the 
lateral four metatarsals have articular 
facets. But there are no such facets 
between the bases of the 1st and 2nd 
metatarsals, thus indicating further that 
the great toe was once a free member like 
the thumb. 

The 2nd metatarsal is morticed be- 
tween the medial and lateral cuneiforms ; 
"%ence, the antero-posterior facets on the 
2nd metatarsal and 2nd cuneiform that 
face the 3rd metatarsal and 3rd cunei- 
form do not occupy a single plane, but 
three. The facets on the medial side of 
the base of the 4th metatarsal for the 3rd 
cuneiform and 3rd metatarsal are nearly, 
but not quite, flush with each other. To 
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the generalization enunciated above there 
is, then, no exception in the foot. 

This interlocking of the various bones 
results in an increase in the stability of 
the foot; it prevents side-shifting of the 
bones, and to that extent it is beneficial 
(Jig, 44^), In this there is probably 
nothing basic; it occurs in obedience to 
no law, unless it be the law of chance. 

6. If the sides of the triangular or 
wedge-shaped middle unit were straight, 
then each of the 5 bones comprising it 
would necessarily be longer medially than 



Fio. 445. The bases of the metatarsals inter- 
lock with the small tarsals and so prevent side 
to sideshifting. 


laterally. Examination shows that for 
the cuboid and navicular it is so, but not 
for the cuneiforms. 

7. Springs, The foot is described as 
having two longitudinal arches. It 
should be remembered that the human 
foot is designed not for standing, but for 
walking.. It is not a static structure, a 
piece of masonry, but an active structure. 
Regard it, then, as a spring rather than as 
an arch. The three medial digits, their 
metatarsals and cuneiforms, the navicu- 
lar and talus, which are collectively 
known as the medial longitudinal spring 
(arch) of the foot, can be detached from 
the two lateral digits, their metatarsals, 
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the cuboid and the calcaneum, collec- 
tively known as the lateral longitudinal 
spring (anth) Perhaps it is better to 
re«:ard tlie calcancum as common to both 
spriiii!,-s {fig. J,Ji6 and fig. 507). 

The foot is arched not longitudinally 
only but also transversely, the dorsum 
beijig convex both antero-postcriorly and 
from side to side; the j)lautar aspect is 
concavg in both directions, I'Jaeh irans- 
rorsc spring or arch forms onl^^ half an 
arch; but, when you stand witli your feet 
together a complete arch is formed. 



J''r(;. 4'Ui The im'diJil and latoral loiiKi- 
tudinal si)rmK3 or arcims; tin" calcanenii) is 
common to botli. 

Have this in mind when you <nient a tar- 
sal or a metatarsal bone. Imagine it to 
occupy its proper position in the system 
of arches; for example, the dorsal sur- 
faces of the navicular and 1st cuneiform 
look upwards and medially, of the 2nd 
and 3rd cuneiform upwards, o/ the cu- 
boid upwards and laterally. The medial 
surface of the cuboid faces medially and 
upwards and supports the lateral cunei- 
form and the navicular — and so on (Jig. 
505). 

8. View^from the lateral side the foot 
appears as a low, flat arch of which the 
posterior pillar is the medial tubercle of 


the calcaneum; the anterior pillar, the 
head of the 5th metatarsal (fig. W). 
Though the cuboid occupies the povsition 
of a key-stone, it requires the suf)port of 
the Peroncus Longus, which passes below 
it. Wlum you place your foot on the 
ground, the spring will, of course, flatten 
under your weight of say 150 lbs. This 
it can do be(‘au.se the anterior and ^Doste- 
rior surfaces of the cuboid are not flat 
from abo\ e downwards, but concave; so, 



SPRING 

I'lG. 4i7 To (lomonslrsitc that the foot 
should he regardfd a;s a spring rather than an 
arch 

the 4th and 5th metatarso-cuboid joints 
are hinges like the corresponding joints 
in the hand. Because the postero-inedial 
angle of the cuboid projects backwards 
under the calcaneum, wluch is cut away 
to receive it, the calcaneo-cuboid joint 
allov^s of plantar-flexion; dorsi-flexion ia 
restricted by the upper border of the 
anterior surface of the calcancum, which 
is overhanging. 

9. Viewed from the medial side the 
foot appears highly arched. The medial 
tubercle of the calcaneum forms J-he 
posterior pillt^r; the sesamoid bones under 
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the head of 1st ir^ptatarsal fonn the 
anlenof plirar ( fig. 448 ). The summit of 
this arch lies at the junction of its poste- 
rior one-third and anterior two-tliirds. 
The round head of the talus is placed at 
the summit, between the sustentaculum 
tali and the tuberosity of the navicular, 
and here receives no bony support. But 
the spring ligament (plantar calcaneo- 
navicular), which extends between these 
two bony processes, lies below the head 
and supports it (fig. 503). The spring 
ligament is in turn supported by the ten- 
don of the Tibialis Posterior, whose main 
attachment is to the tuberosity of the 
navicular. 

Identifiable Parts in the Living Foot 

Familiarity with the following impor- 
tant bony parts, joint levels, tendons, and 
vessels of the foot can easily be acquired 
from a study of your own foot : 

a. The blunt end of the medial malle- 
olus, 

b. the sustentaculum tali lying a full 
inch below the malleolus, 

c. the tuberosity of the navicular 
lying V 2 " in front of the sustentaculum, 
and 

d. the head of the talus, occupying 
the space between these two, are all four 
easily palpated, and may indeed be 
rendered visible through the skin. In 
palpating the tip of the malleolus and the 
sustentaculum, approach them from be- 
low. 

e. The position of the joint between 
the base of the first metatarsal and its 
cuneiform may be gauged to be the 
breadth of a cuneiform (say one inch) 
anterior to the tuberosity of the navicular. 

f. The sesamoid bones, w’hich play on 
the under surface of the head of the 1st 
metatarsal, may be felt under the ball of 
the big toe {figs. 449, 4^4, 4^6). 

g. Just distal to them is the 1st 


metatarso-phalangeal joint. Verify this 
by flexing the toes when the rounded head 
of the metatarsal, which is thereby un- 
covered, may be felt. 

h. The lateral malleolus is visible; its 
ppinted end is lower than the medial 
malleolus and on a posterior plane. 

i. The subcutaneous surface of the 
lateral malleolus extends like an isosceles 
triangle for 3 or 4 inches up the^haft of 
the fibula; and from its apex the sub- 
merged anterior border of the bone is 
continued up the fibula to its head. This 



Fio. 448. The medial and lateral longitudinal 
springs. 

border gives attachment to the anterior 
peroneal septum (Jig. 4^9). 

j. The projecting base of the 5th meta- 
tarsal is easily felt about half way along 
the lateral border of the foot. 

k. The calcaneo-cuboid joint lies f of 
the way between the tip of the lateral 
malleolus and the projecting base of the 
5th met&tarsal. 

l. Verify this by inverting the foot and 
palpating the supero-lateral portion of 
the anterior surface of the calcaneum 
which is thereby uncovered. This is 
easily done. 

m. With the foot still inverted, palpate 
the upper part of the front of the head of 
the talus. It lies just supero-medial to 
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the front of the calcaneum. The lateral 
side of its neck also can be felt. It is 
evident that at these two joints, collec- 
tively called the transverse tarsal joint, 
movements of inversion and eversion 
take place. 

n. Of necessity the muscles of inversion 
and eversion, the £ Tibiales and the 3 
Peroneiy must be inserted anterior to the 



transverse tarsal joint. With the foot 
inverted and ankle plantarflexed, the 
tendon of the Tibialis Posterior may be 
felt as it passes midway between the 
medial malleolus and the sustentacu- 
lum tali on its way to the tuberosity of 
the navicular. Here it lies superficial 
to the deltoid ligament. With the foot 
inverted and the ankle dorsiflexed, the 
tendon of the Tibialis Anterior may be 
observed aA inch anterior to the medial 
malleolus, as it passes towards its inser- 
tion into the lower part of the medial 


surface of the first jneta tarsal and adja- 
cent part of the 1st cuneiform {fig, Ji57). 

o. Now, with the foot everted, trace 
the tendons of the Peronei Longus et 
Brevis as they turn forwards below the 
lateral malleolus; the Brevis to pass to 
the upper surface of the base of the 5th 
metatarsal, the Longus to pass into the 
sole of the foot in the groove on the cu- 
boid, and therefore just behind the base 
of the 5th metatarsal. (These two ten- 
dons pass superficial to the lateral liga- 
ment of the ankle. {Fig, 4^5.) 

p. The tendons of the Ex. Hallucis 
Longus and Ex. Digitorum Longus can 
generally be made to stand out on the 
dorsum of the foot. 

q. The soft cushion-like ma.ss in front 
of the lateral malleolus, caused by the 
relaxed Ex. Digitorum Brevis, is apt to be 
mistaken for a swelling, the result of a 
sprain. 

r. The pulsation of the anterior tibial 
artery may be felt midway be^tween the 
two malleoli where two tendons (Tibialis 
Antfnior and Ex. Hallucis Longus) lie 
medial to it, and two tendons (Ex. Digi- 
torurn Longus and Peroneus Tertius) lie 
lateral {figs. 4^0, 4^0). 

s. On the dorsum of the foot the pulsa- 
tion of the dorsalis pedis artery may, 
perhaps, be made out on the line leading 
to the first int(Tmetatarsal space. The 
posterior tibial artery may be felt to 
pulsate the breadth of two tendons 
(Tibialis Posterior and Flexor Digitorum 
Longus) behind the medial malleolus. 
For success in this, the foot should be 
slightly inverted (passively) in order to: 
relax the fascia, and you should palpate 
firmly forwards and laterally {figs, 404 f 
461), . 

The Sole of the Foot 

The Articulated Foot from Below. 
The 3 units (anterior, middle, and poste- 
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rior), so conspicuous in the foot viewed 
from above, are in evidence when viewed 
from below {Jig, 449). The features of 
particular note fall into 3 groups: 

1. Bearing Points. The foot is some- 
times referred to as a tripod and the print 
made by a wet foot may suggest three 
bearing points, namely, the medial lu- 
bercle of the calcaneum, the head of the 5th 
metatarsaly and the two sesamoid bones 
that play one on each side of the V-shaped 
ridge below the head of the 1st metatarsal 
{fig. 450). These points are, of course, 
the ends of the longitudinal springs or 
arches, the posterior point being common 
to both springs. It was demonstrated 
by Morton (p. 486) that the heads of all 
the metatarsal bones are weight-bearing. 
Indeed, the heads of metatarsals 2, 3, and 
4 miLSt bear some weight because the 
anterior part of the foot is not arched 
transversely, there being neither liga- 
ments nor muscles to support an arch * 
here. Now, if you will stand barefooted 
on five strips of paper, about | inch wide, 
placed parallel with the foot under the 
respective metatarsal heads, and have 
an assistant attempt to pull the strips 
from under the foot, you will discover 
that the foot is no tripod (R. L. Jones). 

2. The Five Processes of the Calcaneum 
—three on the plantar suriace and one on 
each side: In addition to the medial 
tubercle, which is large and weight-bear- 
ing, a small lateral tubercle and .a small 
anterior tubercle project from the under 
surface of the calcaneum but do not 
reach the ground. A pulley projects 
from each side of the calcaneum — the 
sustentaculum tali medially, the peroneal 
tubercle laterally. The Flexor Hallucis 
Longus grooves the under surface of the 
sustentaculum ai^d subsequently passes 
between the two sesamoid bones. The 
Peroneus Longus grooves the side of the 
calcaneum below the peroneal tubercle . 


and is bound to it by the inferior peroneal 
retinaculum. Thereafter, it passes 
obliquely across the sole to the adjacent 
parts of the 1st metatarsal and Ist 
cuneiform. It makes a groove under 
the cuboid and therefore a ridge also. 
It crosses the backwardly projecting base 
of the 2nd metatarsal. It causes this 
part of the foot to be transversely arched 
and the base of the 1st metatarsal and the 
1st cuneiform to hide the base of the 2nd 
metatarsal and the 2nd cuneiform. 



Fiq. -^50. The foot as a tripod. 

S. The Transverse Tarsal Joint. The 
part of the inferior surface of the cuboid 
behind the ridge is large and triangular. 
It ends behind in the calcanean angle^ 
which lies below the calcaneum, which is 
cut away to receive it. The under sur- 
face of the navicular has an angle which 
is almost on a level with its tuberosity. 
Tjie head of the talus is \i^4thout bony 
support between the sustentaculum tali 
behind and the tuberosity and. angle of 
the navicular in front. 

Superficial Structures. The epider- 
mis and dermis are both much thicker 
on the palms and soles than elsewhere. 
It b so at birth. With intermittent pres- 
sure- and friction the thickness becomes 
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exaggerated. The subcutaneous fat is 
engaged by tough fibrous strands. Nu- 
merous other comparisons can be made 
between the different structures in the 
hand and foot (p. 48()), between the 
bones, muscles, vessels, nerves, and fascia.- 
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Fio. 451. The plantar fascia. 


The cutaneous 7ierves: The* medial 
plantar nerve Supplies the 3 J digits on the 
hallux side of the foot, just as the median 
nerve supplies the 3.} digits on the pollex 
side of the hand, leaving the lateral plan- 
tar nerve, ^jeh corresponds to the ulnar 
nerve in tflif hand, to supply H digits. 
The skin under the heel is supplied by the 
medial ^calcanean branches of the poste- 


rior tibial nerve which pierce the flexor 
retinaculum with their companion 
arteries. (Fig. 4^2.) 

Note. A complete display of the sole 
can be made by reflecting or excising the 
four central structures; namely, (1) the 
plantar aponeurosis, (2) the Flexor Digi- 
torum Brevis, (3) the Flexor Digito^um 
Longus, and (4) the Adductor Hallucis 
Obliquus; and by so doing you leave the 
marginal structures intact thereby pre- 
serving the outline of the foot. 

The Plantar Fascia. In lower mam- 
mals the Plantar Aponeurosis, or central 
portion of the plantar fascia, is continuous 
with the Plantaris behind the calcaneurn; 
in man it has become detached from the 
sural portion of the Plantaris and modi- 
fied to act as a strong tic for the 
longitudinal springs of Wic foot. Poste- 
riorly, it is attached to the front of the 
medial tubercle of the calcaneurn; ante- 
riorly, it splits into five bands, one for 
each digit (jig. ^'7/). Were this an ideal 
tie, each band would be attached to the 
structures on the under surface of the 
ball of each toe, that is, to the plantar 
(accessory) ligaments of the metatarso- 
phalangeal joints. But this is not wholly 
achieved, because the long and short 
flexor tendons pass below these joints 
and carry the intermediate portion of 
each band before them, leaving only the 
side portions attached to the plantar 
ligaments. The medial and lateral por~ 
Hons of the plantar fascia cover the 
abductors and short flexors of the great 
and little toes and are thin, except for 
one strong cord that passes from the 
medial (sometimes lateral) tubercle of the 
calcaneurn to the tip of the projecting 
base of the 5th metatarsal. Sometimes 
this cord is partly fleshy and is then 
known as Abductor Metatarsi Quinti. 
As it is the only structure attached to 
the tip of the fifth metatarsal base, it is 
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presumably responsible for its shape and 
direction. The base may have a separate 
(traction) epiphysis until the fifteenth 
year called after Vcsalius, the Os Vesali- 
anum. Tliis cord clearly is a tie for the 
posterior segment of the lateral spring. 

The Muscles of tlie Sole of the Foot 
are arranged in four layers. The First 
or Superficial Layer of Muscles : 

(1) Flexor Digitorum Bre\ is 
(inserted into middle plialangesL 

(2) Abdiietor Hallucis and 

(3) Abductor Digiti Quiiiti 
(inserted into proximal phalanges). 

Each of these lies deep to tlic plantar 
fascia encased in a fascial compartment 
of its own {jiq. The Flexor Digi- 

iormn Brevis lies deep to the plantar 
aponeurosis, and to disjjlay it this must 
be removed. It arises mainly from the 
three sides of its fascial encasement and 
slightly from the medial tubercle of the 
calcancuni. Its mode of insertion is 
similar to that of its homologne in the 
hand, the EL Digit orum Siiblimis {fig. 
138). 

Tht^ abductors of the first and fifth 
digits have a continuous fl(‘s}iy origin ; the 
Abductor Digiti V arising from the front 
of the lateral and medial tubercles; the 
Abductor Hallucis from the medial side 
of the medial tubercle as well as from 
the lower border of the flexor retinaculum 
(laciniate ligament). Each abductor de- 
rives a slight origin from the fascia 
covering it and from the septum between 
it and the FI. Digitorum Brevis. Note 
that the abductors abduct not metatar- 
sals but digits — the metatarsals are, of 
course, all firmly bound together and are 
not capable of being abducted. The 
insertions are, therefore, into the bases 
not of the metatarsals, but of the proxi- 
mal phalanges. Though these two mus- 
cles are called abductors, and morpho- 
logically they are abductors, they are not 


employed as such in man, who finds no 
occasion to abduct his toes, but as elastic 
tics for their respective springs {fig. 453). 
The fact that they arc so well developed 
indicates that they arc of importance. 



Fig. 452. The first layer of muscles. 



Fio. 453. The short plantar muscles act as 
elastic springs or ties for the arches of the foot. 


The direction of the pull of the fibers of 
the Abd. Digiti V and the fact that it is 
inserted more into the under than into 
the lateral side of the proximal phalanx 
causes it to behave as a flexor. 

The Second Layer of Muscles : 

(1) Flexor Digitorum Longus 
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(2) Flexor Accessorius (Quadratus Plan- 

tae). 

(3) Lumbricales. 

(4) Flexor Hallucis Longus. 

To display, the 2nd layer, it is nec- 
essary to remove one muscle and one* 
only, the FI. Digitorum Brevis, and it 
is wise to retain the two abductors, 
thereby preserving the outline of the 



ABD.DIG.V. ABO. HALL. 

Fio. 454. The second layer of muscles dis- 

B layed by removal of the Flexor DiKilorum 
ire vis. 

foot. When this is done, the muscles of 
this layer are seen lying within a triangu- 
lar frame the sides of which ara formed 
by the abductors, the base by the roots 
of the five digits (Jig, 45^), 

The tendon of the FL Digitorum Lon- 
guB is the central structure within this 
frame. It has already been seen cross- 
ing superfiilkil to the tendon of the 
Tibialis Posterior at the back of the 
medial malleolus; it is now seen appear- 


ing from under cover of the Abductor 
Hallucis and crossing superficially to the 
tendon of the FI. Hallucis Longus, 
abreast of the tuberosity of the navicu- 
lar bone. It is, then, twice superficial: 
once when crossing the Tibialis Pos- 
terior; again when crossing the Flexor 
Hallucis Longus. On the under aspect 
of the proximal phalanges, the Your 
tendinous slips into which the Flexor 
Digitorum Longus divides pass through 
rings made by the splitting and decussat- 
ing of the fibers of the short flexor 
tendons, and then pass on to be inserted 
into the distal phalanges. 

The Flexor Accessorius (Quadratus 
Plantae), whose origin will be seen later, 
approaches the lateral aspect of the com- 
mon tendon of the Flexor Digitorum 
Longus from behind, blepds with its deep 
surface, and sends slips beyond it to 
join the tendons of the Flexor Digitorum 
Longus to the 2n(l and 3rd (and perhaps 
also the 4th and 5th) toes. 

The four Lumbricales arise from the 
tendons of the Flexor Digitorum Longus 
and are inserted into the dorsal digital 
expansions. In the hand, the Lumbri- 
cales approach the expansions from the 
radial or thumb side; therefore, in the 
foot, they approach from the tibial of 
great toe side. Clearly then, the Lumbri- 
calis to the second toe (or finger) can 
arise from only one tendon, namely the 
tendon to the second toe (or finger); the 
other three Lumbricales have the oppor- 
tunity of ari.sing in a bipennate manner 
from the adjacent sides of the tendons 
to the 2nd and 3rd; 3rd and 4th; 4th and 
6th toes (or fingers). 

The Flexor Hallucis Longus tendon, 
beyond the point at which the Flexor 
Digitorum Longus crosses it superficially, 
runs along the lower surface of the 
Flexor Hallucis Brevis, passes onwards 
between the sesamoid bones developed 
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in the tendons of insertion of this short 
flexor, and finally is inserted into the 
whole breadth of the under surface of the 
epiphysis of the distal phalanx of the 
hallux. The Flexor Hallucis Longus, 
however, also sends fibrous slips to those 
tendons of the Flexor Digitorum Longus 
that pass to the 2nd and 3rd digits, or 
commonly to the tendon that passes to 
the 2nd digit only. Now, primitively 
both the Flexor Hallucis and the Flexor 
Digitorum send slips to each of the five 
digits {fig. 4^6) y but as the primate scale 
is ascended the muscle arising from the 
fibula concentrates its attention, appa- 
rently. for mechanical reasons, on the 
medial side of the foot, whereas the 
muscle arising from the tibia concentrates 
on the lateral side. Tliis is the explana- 
tion of the strange crossing and variable 
connections of the long digital flexors. 
The slips can best be seen after dividing 
the Flexor Accessorius and Flexor Digi- 
torum Longus far back and throwing 
them forwards. 

Of the muscles of this second layer, 
the Flexor Accessorius is wholly inserted 
into; the Luinbricales wdiolly arise from; 
and the Flexor Hallucis Longus is par- 
tially inserted into — the Flexor Digi- 
torum Longus. 

The Third Layer of Muscles: 

(1) Flexor Hallucis Brevis 

(2) Flexor Digiti Quinti 

(3) Adductor Hallucis Transversus 
(form three sides of a square open 

posteriorly) 

(4) Adductor Hallucis Obliquus 
(largely fills the square). 

The muscles of the third and fourth 
layers practically confine themselves to the 
anterior half of the foot. They could 
be studied in a specimen disarticu- 
lated at the tarso-metatarsal joint. In 
order to obtain access to the 3rd layer, 
the Flexor Digitorum Longus and the 


Flexor Accessorius should be divided far 
back and thrown with the Lumbricales 
well forwards (fg. 4^6), The base of 
each of the five metatarsals gives origin 
to a muscle; that of the 1st to the Flexor^ 
Hallucis BreviSy those of the 2nd, 3rd, 
and 4th to the Adductor Hallucis Ob- 
liquuSy and that of the 5th to the Flexor 
Digiti Quinti, [Truly, a few of the 
fleshy fibers of the last two muscles creep 
back on to the long plantar ligament, 



Prosimian Ape (Gibbon) Man 
Fio. 455. Scheme explaining the crossing 
of the long digital ilexora. (After Slraus.) 


which is attached to the bases of 2nd, 
3rd, 4th, 5th metatarsals, and, in point 
of accuracy the Flexor Hallucis Brevis 
does not arise from the base of its own 
metatarsal, but by means of two fibrous 
slips prolonged backwards to the tendon 
of the Tibialis Posterior and either the 
3rd cuneiform or cuboid.] The remain- 
ing muscle of this layer, the Adductor 
Halluciq Tiansversusy is a diminutive 
sttructure that springs from the tissues 
(deep transverse ligs. of the sole) about 
the heads of the 5, 4, 3 metatarsals. 

Insertions. The Flexor Hallucis Brevis 
splits into two heads of insertion which 
are attached to the sides of the proxi- 
mal phalanx of the hallux, and the 
two sesamoids developed in these heads 
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play one on each side of the ridge on the 
under aspect of the head of the first 
metatarsal. These sesarnoids are united 
to each other by a hbrocartilage, the 
plantar (accesHory) ligamcjit^ in which 
they may be said to be (irn clojicd. They 
begin to ossify about the twelfth year 
(cf. patella which os.sifies in drd year). 



Fig. 450. The third Jayer oi muscles dis' 

E laved by excision of the Flexor l)ip;itorum 
ongus and the Accessorius and Lumbricales 
which are attached to it. The Flexor llailucis 
Longus may he left intact. 

The medial sesamoid may be in two 
pieces, an anterior and a posterior — a 
condition that may be mistaken for a 
fracture. T/ie Abductor Ilalluch is in- 
serted in conjunction with the medial 
head; the Adductores Hallucis Ob- 
liquus et Trans versus with the lateral 
head. Here is an excellent mechanical 
device: the ^wo sesarnoids together with 
the fibrocarlHage uniting them form a 
pulley under which the Flexor Hallucis 
Longus’ glides. This pulley is, more- 


o\'cr, a moving pulley, the short flexor 
causing it to be retracted at such times 
as the long flexor is in action. 

1'he patella, the chief of the sesarnoids, 
is found on an extensor surface. It may 
be asked i^f what value are semrnoids 
to the big toe on a flexor aspect? The 
answer is '‘Hie under aspect of the mota- 
tarso-phalangeal joint of the great toe is 
flexor in name. The joint is, in fact, 
capable of a greater degree of hyper- 
extension (dorsiflc.xion) than it is of 
flexion (j)lantar flexion) and the sesarnoids 
are only brought into j)Iay in overcoming 
the hyperextension ; once this is overcome 
and flexion initiated, the sesarnoids are 
temporarily functionless^\ 

The Flexor Ihgili Quinti is inserted in 
('onjunction with the Abductor Digiti 
Quinti into the plantar a.spect and lateral 
'^ide of the proximal phalanx of the little 
toe. The Abductor Digiti V acts on the 
whole length of the lateral spring of the 
foot; the Flexor Digiti V acts on its 
anterior segirKuit; the Abductor Meta- 
tarsi V (oi ihe lateral cord of the plantar 
faseiaj ads on its [losterior segment. 

Tae Fourth Layer of Muscles: 

Seven Interossei. 

In ord(‘r to obtain acces>s to the fourth 
layer, only one muscle, the Adductor 
Hallucis Obliquus, need be removed. It 
will then be appreciated how large this 
muscle is that fills the hollow of the 
metatarsal portion of the transverse arch 
of the foot. 

The Intcrofisvi: Each of the five digits 
of the foot (as of the hand) is morpho- 
logically capable of being abducted and 
adducted, and ten muscles are required to 
perform the ten movements. The great 
toe has its own abductor and adductor 
and the little toe* has its own abductor, 
accounting for 3 of the 10 required 
muscles. Seven Interossei perform the 
remaining 7 movements. When dissect- 
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ing the dorsum of the foot, an Interosseous 
was seen to arise in bipennate manner 
from the adjacent sides of the five meta- 
tarsal bones, and to fill each of the four 
intermetatarsal spaces. These were the 
4 Dorsal Interossei ; so, by exclusion there 
are 3 Plantar Interossei. In the hand 
the Interossei are disposed around the 
middle finger; in the foot around the 
second toe. Tliis applies to man and 
some gorillas; in other primates the 
Interossei are disposed around the middle 
finger and middle toe. When at rest 
the second toe occupies a neutral or axial 
position — it is at zero, and is fully ad- 
ducted. The great toe being out of 
account, the 3 Plantar Interossei are re- 
quired to adduct or approximate the 
5th, 4th, and 3rd toes to the 2nd or axial 
toe. The dorsal niuscle of the first space 
abducts the 2nd toe medially; that of the 
2nd space abducts it laterally. The dor- 
sal muscles of the 3rd and 4th spaces ab- 
duct the 3rd and 4th toes laterally. 

The dorsal muscles, therefore, abduct 
from, and the plantar muscles adduct to, a 
line drawn through the second toe. The 
plantar muscles are unipcnnatc and arise 
from the plantar border of the metatarsal 
of the toe on which they act. 

To obtain a full view of the insertions 
of the Interossei, the Adductor Ilallucis 
Transvcrsus and the deep transverse 
ligaments of the sole must be severed. 
Each may then be seen to be attached in 
part to the side of a proximal phalanx 
and in part to a dorsal expansion. Their 
actions are of course more restricted than 
those of the hand. 

Two Long Tendons. The Tibialis Pos- 
terior and the Peroneus Longus belong to 
the ligamentous or deepest layer of the 
posterior half of the foot. They enter 
the sole below the summits of their re- 
spective springs, i.e., beneath the head of 
the talus and beneath the cuboid. One 


being an invertor of the foot, the other an 
evertor, they must find attachment ii> 
front of the transverse tarsal ailiculation. 

The Peroneus Longus enters the sole 
deep to the Abductor Digiti V, passes 
obliciuely across the sole in the groove 
on the cuboid which the anterior fibers 
of the long plantar ligament convert into 
a canal, crosses the tliird cuneiform and 
the backwardly projecting btiao of the 
2nd metatarsal to gain insertion into the 
lateral side of the base of the first meta- 



F lo. 457. The grasp of the Tibialis Posterior 
extends to the small tarsals and to the meta- 
tarsals. 


tarsal and adjacent part of the first 
cuneiform (Jig. ^9). As the common 
synovial sheath, that envelops the 
Peronei Longus et Brevis behind the 
malleolus, is commonly continuous with 
the synovial sheath of the Peroneus 
Longus in the sole, it follows that an 
injury t9 either tendon about the ankle 
mdy open up a pathway into the* sole. 
In both regions there are well marked 
mesotendons. 

The Tibialis Posterior sends two-thirds 
of its tendon to bo inserted into the tu- 
berosity of the navicular and some fibers, 
passing beyond this, reach the under sur- 
face of the first cuneiform. The remain- 
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ine one-third divides into a number of 
finger-like bands that pass below the 
spring ligament and diverge to reach the 
cubofd, cuneiforms, and the 2nd, 3rd, 4th 
metatarsal bases. The anterior parts of 
the finger-like bands are often dissociated,, 
as it were, into a number of phalanges or 
plantar ligaments that lie in line with the 
Tibialis Posterior tendons and therefore 
take its pull. The muscle may be said 
to spread like an open hand to grasp all 
the small tarsal bones and most of the 
metatarsals — i.e., the bones anterior to 
the transverse tarsal joint — and to draw 


DORSALIS PEDIS PERFORATING BRS. 



Fig. 458. Scheme to nh^jw the lateral plantar 
artery coursing first between the Jst nnd 2n<l 
layers of muscles, then between the 3rd and 
4th layers. 


them medially, backwards, and upwards 
(fig. Ji57). Its pull criss-cros.ses that of 
the Peroneus Longus;so, between them 
they create the transvei-so spring of the 
foot and support the respective longitudi- 
nal springs. 

The Tibialis Antei'ior is inserted into 
the same two bones as the Peroneus 
Longus, but on their medial side; so, 
together these two muscles form a stir- 
rup beneath the middle of the sole of t^e 
foot (Jig. 604). 

The Vessels and Nerves of the sole 
can be inserted in figures 452, 454, 450. 

The Lateral Plantar Artery (fig. 460) is 
much largerli&an the medial plantar artery. 
It is, therefore, the continuation of the 
posterior tibial artery, in fact if not in 


name. It appears from under cover of 
the Abductor Hallucis muscle and, with 
its companion nerve, runs forwards and 
laterally between the 1st and 2nd layers 
of muscles (represented by the Flexor 
Digitorum Brevis and Flexor Accessorius), 
and then dipping deeper runs medially 
between the 3rd and 4th layers (repre- 
sented by the Adductor Hallucis Ob- 
liquus and the Interossei, fig. 468). At 
the hinder end of the third intermetatar- 
sal space it anastomoses with the deep 
branch of the dorsalis pedis artery and 
thereby forms a (deep) plantar arterial 
arch in precisely the same manner as the 



Fio. 459. Scheme of arteries in the anterior 
part of the foot (compare with fig. 143). 


radial artery and the deep branch of the 
ulnar artery form a deep palmar arch 
in the hand {figs. 134, 148)> 

The arterie>s of the anterior half of the 
foot arc arranged in a manner similar to 
the arteries of the hand (fig. 469). There 
are several anastomotic channels, and the 
blood stream has the option of flowing 
through one or more of them. In no 
case, however, are more than a few 
channels well developed; hence, the vari- 
ations in the vessels of these regions. 

The deep branch of the dorsalis pedis 
is but an enlarged posterior perforating 
artery. The perforating arteries spring 
from the deep plantar arch; so, the arch 
itself must lie anterior to the bases of 
the metatarsals, i.e., below the posterior 
parts of their bodies and therefore below 
the Interossei also. 

The Lateral Plantar Nerve follows its 
artery closely and sends: (a) cutaneous 
branches to the lateral digits, and (b) 
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motor branches to all the muscles of the 
sole npt supplied by the medial plantar 
nerve. This includes all seven Interossei 
and the Adductor Hallucis. 

The Medial Plantar Vessels and Nerve 
of the foot run forwards in the furrow 
between the Abductor Hallucis and the 
Flexor Digitorum Brevis. The nerve, 
like the median nerve of the hand, sends : 
(a) cutaneous branches to 3§ digits which 
fan out subjacent to the plantar fascia, 
and (b) motor branches to a few mus- 
cles — the four muscles between which the 
stem of the nerve runs, namely, 

(1) Abductor Hallucis 

(2) Flexor Digitorum Brevis 

(3) Flexor Hallucis Brevis 

(4) Lumbricalis I. 

Wherever the nerve sends a branch, there 
a twig from the artery is also to be found; 
thus, the digital branches of the nerve are 
accompanied by digital branches of the 
artery, which form the ill-developed 
superficial plantar arch. 

Close resemblances, therefore, exist not 
only between the arteries of the hand and 
the arteries of the foot, but also between 
the median and ulnar nerves of the hand 
and the corresponding medial and lateral 
plantar nerves of the foot. 

The Door of the Foot or *Torta Pedis”. 
(1) Since the lateral and medial plantar 
vessels and nerves and three tendons 
enter the sole on the medial side by pass- 
ing deep to the Abductor Hallucis, this 
muscle may be thought of as the door 
or porta of the sole of the foot. (2) The 
Peroneus Longus enters on the lateral 
side deep to the Abductor Digit! V, 
through the back door, so to speak. (3) 
The perforating vessels enter through 
the intermetatarsal spaces, as it were, 
through windows. The Abductor Hal- 
lucis is, then, the front door, the main 
entrance to the foot {figs. It52y 4918). 

Medial Aspect of the Calcaneum. Not 


until the Abductor Hallucis is reflected 
and the plantar vessels and nerves are 
displaced can access to the Flexor Hallu- 
cis Longus be obtained where it li^s in 
the groove between the two tubercles of 
the talus and winds under the sustenta- 
culum tali. Even then the tendon is not 
seen till the fibrous part of the osseo- 
fibrous tunnel in which it is running^js 


Plan.tar diqi-ta-l 
<xrt<zrle5 

- Plantar 

metatarsal ao. 

Perforating art. 

(Deep art.) 
Plantar arch 
'‘"Saperf. arcK” 

/Medial plantar a. 

Lateral plantar a. 

Post, tibial art. 
-Calcanean bn 


Fio. 460. Tbo plantar arteries. 

slit up. The whole of the medial aspect 
of the calcaneum behind the tendon is 
overlaid by a soft muscle pad, viz., the 
medial head of the Flexor Accessorius 
(Quadratus Plantae) {fig. The 

Fkxor AccessoHus arises from the greater 
part of the medial surface of the cal- 
cancum in front of the flexor retinaculum 
and Abductor Hallucis. [A small fibrous 
lateral head arises from the under sur- 
face of the calcaneum just in front of the 
lateral tubercle.) 

Re-arrangemenl of Tendons. In this 
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neighborhood llie tendons, vessels, and 
nerves adjusL their positions before finally 
dispersing. I lore is a sorting house. On 
crossing its portals, the various structures 
pass alino.st directly to their destina- 
tions. It wjlj be mnembered that, con- 
traiy to expectation, the Fhwor l-)igi- 



Fio. 461 . Structures passing tleep tu the 
Abductor Hallucis. 


toruni Longus arises from the tibia, and 
the Flexor Hallucis Longus from the 
fibula. The relative positions of the two 
tendons must, of course, be reversed 
before their insertions are reached. This 
is achieved b}' the Flexor Digitorum 
Longus c^KPBsing the Flexor Hallucis 
Longus abreast of the tuberosity of the 
navicular; and it crosses superficially. 


The Tibialis Posterior arises from both 
tibia and fibula, and, in its endeavor to 
reach the tuberosity of the navicular (its 
main site of insertion), it also must cross 
the Flexor Digitorum Longus. This 
crossing is effected behind the medial 
malh'olus where the Fjexor Digitorum 
Longus is again supcnTicial. Twice there- 
fore is tlie Flexor Digitoj’um Longus su- 



peiiieial, first to the Tibialis Posterior, 
then to the Flexor Hallucis Longus. 

Three Tendons and the Sustenaculum 
Tali, From its origin to its insertion the 
Tibialis Posterior is never parted from 
the skeletal plane. After winding round 
its pulley (the medial malleolus), it must 
cross the deltoid ligament to reach the 
tuberosity of the navicular; one third 
of its tendon passes below the spring liga- 
ment, which separates it from the head of 
the talus, and so it reaches the sole. The 
Flexor Digitorum Longus rubs on the me- 
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dial side of the sustentaculum tali. The 
Flexor Hallucis Longus is the only mus- 
cle whose tendon actually passes below 
the sustentaculum tali. Its tendon 
grooves three bones: the lower end of the 
tibia, the back of the talus between the 
medial and posterior tubercles, and the 
sustentaculum tali. Fibrous bands con- 
vert the grooves into an ossco-fibrous 
tunnel. Finally, it passes between the 
two sesamoid bones. As the tendon 
is travelling through the tunnel, the 
plantar vessels and nerves seize the 
opportunity to c“ros.s it, and so to gain its 
lateral side whore they come to lie on the 
soft Flexor Accessorius (Jig. 461). 

Comment on Vessels and Nerves. 
It is helpful to recollect the general rule 
that an artery accompanies its companion 
nerve on the side from which it approaches 
it. In the lower limb, arteries mostly 
approach their companion nerves from 
the medial side and accompany them on 
the medial side, e.g., the femoral artery 
and nerve, the inferior gluteal artery and 
sciatic nerve, the anterior tibial artery 
and nerve, and the medial plantar artery 
and nerve. The rule is broken at three 
and sometimes four .sites in the lower 
limb, namely, (1) at the back of the 
knee, (2) at the ankle, (3) in the sole 
of the foot, and sometimes (4) on the 
dorsum of the foot (Jig. 462): 

1. If we call the tibial division of the 
sciatic nerve the great nerve stem, and the 
femoral, popliteal, and jmsterior tibial 
arteries the girql arterial stem, then the 
great nerve stem pursues a straight course 


down the back of the limb, whereas the 
great arterial stem descends on the front 
of the limb, enters the medial side of the 
popliteal space, curves laterally towards 
the neck of the fibula in order “to unload” 
the anterior tibial artery, an inch further 
on it “unloads” the peroneal artery, and 
then re-assumes its proper position on the 
medial .side of the great nerve stem. 
During this course the great arterial stem 
describes a bow-shaped curve across the 
front of the nerve and, .so, crosses it twice. 
While lateral to the nerve it changes its 
name from popliteal td* posterior tibial. 
So, the popliteal artery is described aa 
crossing the tibial nerve from medial to 
lateral side, and the posterior tibial artery 
as crossing the tibial nerve from lateral 
to medial side, and, on each occasion the 
artery is rightfully anterior (fig. 435). 

2. At the ankle the artery and nerve 
each divide into a medial and a lateral 
’plantar branch. The artery might be 
expected to remain deep, but it passes 
superficial to the nerve. 

3. The plantar arteries might be ex- 
pected to lie medial to tlie corresponding 
plantar nerves. But this holds for the 
medial artery and nerve only, becau.se the 
plantar arteries include the two plantar 
nerve.s within their fork (fig. 400). 

4. On the dorsum of the foot the an- 
terior tibial nerve takes a direct course 
'W’ith the artery on its medial side. Not 
uncommonly however, the dorsalis pedis 
zigzags laterally and m.ay cross the nerve 
once or twice (fig. 421 ). 
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K List of the: Musclbs op tho Loepbr Liub 

(This list mny be found useful in 
review work.) 

Ilio -psoas 
lliacus 
Psoas Major 
Psoas Minor 
Cluteiis Maximus ^ 

(ilutcus Mcdius 
Gluteus Minimus 
Tensor Fasciae Latae 
Piriformis 
Obturator fntrrnus 
Gemellus Superior 
Gem(?llu8 Inferior 
Quadratus Femoria 
Sartrtrius 

Quadriceps Femoria 
Pectus Femoria 
Vastus Laterolis 
Vastus Intermediua 
Vastus Medialis 
Articularis Geuu 
Pectineus 
Gracilis 

Adductor Lonj^ua 
Adductor Brevis 
Adductor Magnus 
Obturator Externua 
Biceps Femoria 
long head 
short head 
Semitendiuoaua 


Sem i membranosus 
Tibialis Anterior 
Extensor Digitorum Longua 
Peroncus Tertius 
Extensor Hallucis Longua 
Peroneus Brevis 
Peroneus Longus 
Gtustrocnemiua 
lateral head 
medial head 

Soleus _ , 

Plantaris 
Popliteus 
Tibialis Posterior 
Flexor Digitorum Longus 
Flexor Hallucis I-ongus^ 

Extensor Hiillucis Brevis 
Extensor Digitorum Brevis 
Abductor Hallucis 
Flexor Hallucis Brevis 
Adductor Hallucis 
oblique head 
transverse head 
Abductor Digit! Minimi (V) 
(Abductor Ossis Metatarsi Quinti) 
Flexor Digiti Minimi Brevis 
Flexor Digitorum Brevis 
F’lcxor Digitorum Accessorius 
Lurnbricales 
Interossei 
Dorsal 
Plantar 
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SCIPlTIC ( tibial and peroneal) fe/aoral 


OBTURATOR 


Tensor F. Latae 
Glut. Med. 
W Glut./Aln. 


PSOOLS 


IllcLca^> 


Gluteus 

Max. 



Obt. Int. 
QzjuxdL.Fem. 


Rectus 
Femorls T 

Sortorius^ 



IscK.tu.bcr. 


Semite nd. 


Bleeps (long) ;/ 


Semlt end./ 
Add. Mag. ^ 
Semlmemb. 


Vastus 
Lat. A 


Vastus 

Intermed. 


Pectineus 

Obt^Ext."^ 
Add.Brev. ; 
AdcLLong.’ 


Ml 

Add. tubcp 


Biceps 
. (short) 


Vastus 

Med. 


Gracilis 1 


Add. Magnus 


Articularls Genu 


Gastrocnem. 


FI. Dig. Long. 


^ Plantarls 
t Gastrocnem. 
Soleus 

''PopUteus 
^ 5oleus 
Tib. Post. 


FI. Hall. Long. 


Peroneus 
Long us 


Peroneus 

Brevis 


Tib. Mali 



Abd. Hallucls A 
FI. Dig. Brevis \ 
FI. HalL Brevis J 
Lumbr. to 2nd digit 


Ext. Dig. Brevis 



Tibialis Ant. 


Ext. Hall. Longus 
Ext. Dig. Longus 
Peroneus Tertius 


All other muscles 
Irv the sole 


Fio. 463. The motor distribution of the nerves of the lover limb. (Y ou may find it profitabls 
to compare the levels of origin of the brunches in the limb you are dissecting with these 
average leveU.) 


CHAPTER 16 


THE HIP JOINT 


The hip joint is a ball and socket joint. 
The head of the femur is the ball; the 
acetabujum, deepened by (a) the trans- 
verse acetabular ligament and (b) the 
acetabular labrum form the socket. 

The Ball and the Socket. The heed 
of the femur forms two-thirds of the 
sphere, but not of a perfect sphere for it is 
distinctly flattened above whore the 
acetabulum rests most heavily upon it. 
It points medially, upwards, and for- 
wards; so, its anterior partis not engaged 
in the socket when the body is in the 
anatomical position. The aceiahulum 
(acetum, L. = vinegar) or vinegar cup 
lies at the site of union of ilium, ischium, 
and pubis. The lowest part of the cup, 
the part that never rests upon the femur, 
is deficient and is known as the (tcdabular 
notch. The remainder of the peiiphcral 
part of the cup is horseshoe-shaped; it 
articulates with the femur and is therefore 
covered with cartilage. The bottom of 
the cup, called the acetabular fossa, is 
non-articular, thin, and often t r.anslucent. 
In the bird, the fossa is replaced by a 
foramen which is closeii by a membrane. 
The acetabular notch is converted into a 
foramen by a strong ligament, the trans- 
verse acetabular ligament (fig. .^6%). The 
acetabulum is deepened by a complete 
ring of pliable fibrocartilage, the acetabular 
labrum, which is attached to its brim and 
to the transverse ligament. The labrum 
grasps the head of the femur beyond its 
equator and is, of course, concave on its 
femoral sujface. 

Epiphys The epiphysis of the head 
of the femur fits like a cap on a spike, and 


the epiphyseal line encircles the articular 
margin. It lies entirely within the 
synovial capsule (fig. JflS). The ilium, 
ischium, and pubis each contributes to 
the articular part of the acetabulum; and 
the ischium forms the nonarticular part. 
The epiphyseal plate is triradiate; 
synostosis is complete by about the 16th 
year. The line of fusion is detectable in 
the adult bone, the ilio-pubic eminence 
being its mo.st conspicuous part (fig. 32D) 




A B 

Fio. 1(11. (A) Tlic aretabulura shown in 
oorrec!( oricTitiUnMi and the transverse acetab- 
ular li( 5 iinicnt. The arrow pn.s.ses through tlie 
■•K (‘tabular foramen. (B) Tlic triradiate "epi- 
phys('al” carlilagfi uniting the pubic, iliac, 
and ischial parts of the acetabulum. 

The Fibrous Capsule and Ligaments. 
The fibrous capsule is a very strong, thick 
sleeve. Proximally, it is attached around 
the brim of the acetabulum and to some 
extent to the labrum and transverse liga- 
ment. Distally, it is attached to the 
femur along the whole length of the 
trochanteric line and to a line on the 
under surface of the neck be.side the 
lesser trochanter, but it is not attached to 
the femur either posteriorly or above. 
The fibers run an oblique or spiral course. 

If it is assumed that the fibers were 
originally parallel and took a horizontal 
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course, then the oblique, spiral or twisted 
course they take definitively can be at- 
tributed to the assumption of the erect 
posture, which involves extension of the 
joint. Since the ilium, pubis, and ischium, 
each take part in the acetabulum, cap- 
sular fibers pro(;eed from each of these to 
the femur; so, ilio-femoral, pubo-femoral, 
and ischio-fcmoral ligaments are de- 
scribed. 

The Ilio-fcmoral lAgament {fig. 465) 
(Y-shaped ligament of Bigelow) is a 
broad, strong band, shaped like an in- 
verted Y. vVbox e, it is attached to the 
anterior inlerior iliac spine and to the 
acetabular margi!i for an inc^li beliind the 
spine; so, it. lies deej) to tlie two heafls of 
origin of the Ibrlis h\'nioris and is (co- 
extensive with th(‘ni. B(‘low, it creates 
(with some a stance from the Vastus 
Medialis) th(‘ t rochant(‘ric lim', which 
arbitrarily s('pa rates the ne(‘k from the 
body of the fcMiun* (//(/. 

The Tiiho-fcnwral and lachio- femoral 
Ligamenls an‘ attacluM.1 to the pubic and 
ischial i)arts re.sp(Mcti\ (*ly of the acetabu- 
lar margin and they j^ass across the back 
of the neck of line femur to the tubercle 
at the upp(u* end of the trochanteric line 
{fig, 466). Some pubo-femoral fibers 
pass to and cr(3ate the line below the 
neck of the femiu’. The orhicfidar '*:one 
is a collection of deep fibers that run 
circularly and cause an hourglass con- 
stricticjn within the capsule {fig. 

Sequences. When you stand erect, 
your line of gravity passes behind the 
centers of your hip joints . Consequently, 
your trunk tends to fall backwards, or 
rather to rotate backwards, the points on 
which it pivots being the heads of the 
femora. It is to resist this backward 
rotation that the anterior part of the 
capsule is thickened in man and anthro- 
poids to form the ilio-femoral ligament. 

In a ball-and-socket joint, which per- 


mits free movement in all directions, it 
is self-evident that the ball must have a 
larger articular area than the socket. 



Fio. -405. Ccapsule of hip joint (from the 
front). The Psoas guards the weak point. 



Fia. 466 . Capsule of hip joint (from behind). 

When you stand erect with toes out- 
turned, the excess of articular cartilage on 
the ball-like head of the femur is directed 
forwards. Its lateral part is protected by 
the ilio-femoral ligament; its medial part 
by the pubo-femoral ligament; but the 
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intermediate part, which most requires 
support, has no covering ligament; in- 
deed, this part of the capsule is commonly 
perforated. You are not, however, to 
accuse Nature of constructing a mechani- 
cally insecure joint, because playing 
across this critical area is the tendon of 
the Psoas. A tendon is something better 
than a ligament — a ligament is a passive 
structure; whereas a tendon, in virtue of 
the muscle at its proximal end, is under 
control; it is active and alert. 

If you appreciate the beauty of this 
device, you will be able to place the psoas 



Fio. 467. Sequences: The hip ioint and its 
relations (in coronal section) (semidia- 
gramatic). 


tendon, and the other anterior relations 
of the joint will follow. Note, it is not 
the Psoofi that lies in front, but the Psoas 
^tendon. It is a generalization that mus- 
cle fibers are unable to survive the pres- 
sure produced by such unyielding struc- 
tures as bone, cartilage, or ligament find 
therefore they give place to tendon. 
Employing this generalization, you might 
infer that the Psoas must here be tendin- 
ous. Tendons at such locations require 
bursae to^iminish friction and to facili- 
tate free play. To this generalization 
the Psoas tendon is no exception ; hence, 


the Psoas bursa which commonly com- 
municates with the joint between the ilio- 
femoral and pubo-femoral ligaments (Jig. 
467). Powerful tendons make their 
mark : in this case the mark is the lesser 
trochanter of the femur. In front of the 
tendon lies the femoral artery. Now, 
the tendon is not as wide as a finger; so, 
if the femoral artery is in front, there is 
clearly no room for anything else. 
Hence, the femoral vein and nerve must 
lie in front of other structures. The 
nerve, which is lateral, is in front of the 
Iliacus ; the vein and lymph vessels, 
which are medial, are in front of the 
Pectineus. .These are but names, and 
you can neither dissect names nor operate 
upon them. The desired information is 
this: the nerve is separated from the 
joint by the thickness of the fleshy Ilacus, 
the artery by the toughness of the Psoas 
tendon, the vein by the thinness of the 
fleshy Pectineus. 

Synovial Membrane lines all parts of 
the interior of the hip joint save where 
there is either articular cartilage or fibro- 
cartilagc. It is so with all synovial 
joints. The membrane lines the neck of 
the femur completely in front, and as far 
as the Obturator Externus tendon be- 
hind, and it stretches across the acetabu- 
lar fossa. 

Note the following details — ^before 
opening the joint: (a) the Psoas bursa 
communicates with the hip joint rarely 
in the young, but commonly in the adult 
(20% of 478 limbs, aged 20-92 years), 
(b) The synovial membrane protrudes 
posteriorly between the free lower border 
of the fibrous capsule and the neck of the 
femur — ^just as at the elbow it protrudes 
between the annular ligament and the 
neck of the radius — ^and acts as a bursa 
for the Obturator Externus tendon (Jig, 
466). So, an incision or puncture made 
above the tendon will certainly enter the 
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joint; one made below will almost cer- 
tainly miss it, for here the neck is bare or 
extra-articular, (c) The fat in the ob- 
turator region sends a prolongation under 
the transverse ligament into the acetabu- 
lar fossa where it forms an extra-S3movial 
pad (Haversian gland) of fat, or rather a 
collection of oil, fat being fluid at body 
temperature. On flexing an exposed 
joint, you can see fat being sucked in 
with the purpose of avoiding the forma- 
tion of a vacuum /f-GS). 

Note — after opening the joint: (d) 
The synovial membrane around the neck 
is raised into several loose longitudinal 
folds, retinacula (ec^rvical ligaments), in 
which arteries asetmt to the head and 
supply the whole head (Chandler), (e) 
Within the joint there is a conical tul)e of 
synovial membwie. This tube is situ- 
ated between the head of the femur and 
the acetabular fossa; so, it is flattened 
and triangular. In fact, it resembles a 
flattened megaphone. The femoral sur- 
face is concave ; the acetabular surface is 
convex; both margins are free; the apex 
is attached to the pit or fovea near the 
centre of the articular surface of the head ; 
the femoral side of its base is reflected on 
to the transverse ligament; the acetabu- 
lar side of its base is continuous with the 
sheet of synovial membrane that covers 
the fat pad in the acetabular fossa — this 
sheet is attached to the articular margins 
of the fossa, (f) The synovial tube 
transmits blood vessels to the head of the 
femur, and it surrounds a fibrous band, 
called the ligament of the head (lig. teres), 
which connects the head to the transverse 
ligament and to the lips of the acetabular 
notch. The acetabular notch is situated 
inferiorly ; so, it follows that the ligament 
ascends and that it becomes taut on ad- 
duction, as when the knees are crossed, 
(g) It is evident that a probe, pushed 
through the acetabular foramen, would 


pass extra-synovially either (a) into the 
acetabular fossa, or (b) through the 
synovial tube to the head of the femur. 
Branches of the medial femoral circum- 
flex and obturator aiteries folloAV both 
courses. 



Fig. 46S. The hip joint in coronal section. 
Note the lines of strain and stress. 




Fig. 469. Diagram to show a developing 
he^d cutting off part of the capsule to form^he 
ligament of the head. 

Comparalive Anatomy. The ligament 
of the head (teres) is present in amphib- 
ians and reptiles with limbs, in birds, and 
in most mammals. It is absent however 
in some, e.g., the elephant, rhinoceros, 
seal, sloth, and the orang. It is regarded 
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as a pinched off part of the capsule or 
perhaps of the Pcctiiieus (JiQ- 

Observations. (1) When you stand 
erect or bend forwards over a basin, your 
ankle and knee joints are locked, and 
your foot, leg, and thigh bones become^ 
temporarily a rigid unit {fig JflfO), A side 
force then applied to the foot is greatly 
amplified at the upper end of the femur — 
as at the end of a long screw driver — and 
may possibly result in fracture of the neck 
of the femur. You can satisfy yourself of 
this, if you grasp the femur of the cadaver 
while you manipulate the foot of the 
locked limb. (2) When the ankle joint 
is plantar-flcxed (toes pointed) and the 


0 



ANKLE 


Fig. 470. The lower limb, (A) rigid, (B) 
flail, clue to pillow placed under knee. 


the socket, the strength of the ligaments 
(especially the ilio-femoral), and on the 
IliO‘psoas and the short muscles. 

Relations. Anteriorly — Psoas and 

femoral artery, Iliacus and femoral nerve. 
Poet incus and femoral vein (fig. 4^7). 
Laterally. — ^Tlectus Femoris in front of 
ilio-femoral ligament (p. 387), and Glu- 
teus JMinimus. Inferiorly — ^The Obtura- 
tor Fxternus crosses below the head and 
runs beliind the neck. Posteriorly — Piri- 
formis, Obturator Internus and Gemelli, 
upper border of Quadratus Femoris, and 
the sciatic nerve. The relationship of the 
sciatic nerve is appreciated only when the 
obliquity of the acetabular margin is 
kept in mind {fig. 394) 

Blood and Nerve Supply. Arteries — 
obturator, medial femoral circumflex, 
lateral femoral circumflex, and gluteal. 

The head of ihe femur receives 3 sets of 
arteries: (a) Tlie never-failing and main 
set of thj‘e'e or foui‘ arteries that ascends in 
the synovial retinacula on the postero- 
su))erior and postei-o-inferior parts of the 
neck, perforate the neck just distal to 
the ]i(*ad, and bend at 45° towards the 


knee flexed, some degree of rotation is 
allowed at these joints and the rigidity is 
lost. (3) A pillow placed under your 
knee, when you lie down, automatically 
results in flexion of the hip, knee, and 
ankle. (4) The posture conducive to 
dislocation of the hip joint is one in which 
the joint is fully flexed and medially 
rotated; as on bending forwards with 
toes turned in. Flexion brings the shal- 
low part of the acetabulum to re^t on the 
femur; medial rotation brings the he&d 
of the femur to the back. A weight 
(such as a sack of potatoes) then 
falling on the back will dislocate the 
head of the femur on to the dorsum ilii. 
The ligam^ of the head (lig. teres) is 
tom in the process. (5) The security of 
the hip joint depends upon the depth of 


ccnlro of the lioad where they anasto- 
most freely with (bj terminal branches of 
(he nutrient arteiy of the shaft, and in 
80 per cent of instances with (c) the 
artery of the lig. of the head (lig. teres). 
This last artery does not enter the head 
until the centre of ossification {fig. 13^ 
has extended to the fovea for the lig. of 
the Jiead, i.e., about the 12th to 14th 
year. This anastomosis persists even in 
those of advanced age ; but in 20 per cent 
it does not establish itself. (Wolcott.) 

Nerves— femoral n. (via nerve to Rec- 
tus Femoris), sciatic n. (via nerve to 
Quadratus Femoris), and obturator n. 
(anterior division). 

Movements. The movements per- 
mitted are circumduction and rotation. 
Hyperextension is prevented by the ilio- 



THE LOWEK TJMB 


459 


femoral ligament. Flexion is arrested by 
the hams, when the knee is extended, and 
by the thigh coming into contact with the 
abdominal wall, when the knee is bent and 
the hams thereby relaxed. Medial roUi- 
lion winds up the spirally running fibers 
of the capsule and, so, is self-arresting; 
lateral rotation unwinds them and is 
more free. The ligament of the h{»ad is 
taut in adduction. 


and Adductor Longus may possess is one 
of medial rotation, because they are 
inserted lateral to the axis (Jig. 471), 
It is a mistake, obviously, to suppose that 
the axis passes through the greater tro- 
• chanter and through the shaft of the 
bone. 

To understand the actions of the ab- 
ductors and medial rotators, the pelvis and 
femur must be held in correct ofientation; 


TABLE 17 

Muscles Acting on the Hip Joint 


CIRCUMDUCTORS 


Flexors 

Extensors 

Abductors 

Adductors 

Ilio-psoas 

Rectus Femoris 
Sartorius 

Gluteus Maximus 

The 3 hams 

Adductor Magnus 
(Ham part) 

i 

Gluteus Medius* ] 

Gluteus Minimus 
Tensor Fasciae Latac^ 

Adductor Magnus 
Adductor Brevis 
Adductor Longus 

Pectineus 

Adductor Loiigus 
Adductor Brevis • 
Adductor Magnus 
((3bt. part) 

Tensor Fasciae Latae 

Piriformis 

Sartorius 

Pectineus 

Gluteus Maximus 

Short Muscles 
Obturator Internua 
Gemelli 

Obturator Externus 
Quadratus Femoris 



* ROTATORS 



Medial 

Lateral 



Gluteus Medius 
Gluteus Minimus 
Tensor Fasciae Latae^ 

Adductor Magnus 
(Ham part) 

With foot on ground : 
Ilio-psoas 

Pectineus 

Upper adductor mass 

Gluteus Maximus 

Short Muscles 
Piriformis 

Obturator Internus 
Gemelli 

Obturator Externus 
Quadratus Femoris 
Ilio-psoas 

Pectineus 

Upper adductor mass 


Table 17 shows that abduction and 
medial rotcUion are practically controlled 
by the 3 muscles supplied by the superior 
gluteal nerve; and that adduction and 
lateral rotation involve similar groups 
of muscles. 

When the foot is on the ground, rota- 
tion of the femur takes place around an 
axis passing through its head and inter- 
condylar notch. This being so, any 
rotatory power the Ilio-psoas, Pectineus, 


that is, the anterior superior spines and 
the upper end of the symphysis lie on the 
same coronal plane and the head of the 
femur is directed forwards as well as 
medially and upwards, i.e., the greater 
trochanter lies behind the plane of the 
head. The function of the abductors is to 
prevent the pelvis from becoming ad- 
ducted, that is, to prevent the body from 
falling to the opposite side when only one 
leg is on the grpund, as in walking. The 
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function of the medial rotators is to rotate 
the pelvis laterally and therefore by ad- 
vancing the opposite leg (the leg off the 
ground) to increase the stride in walking. 

The Gluteus Maximus is hardly re- 
quired in walking because this is essen-, 
tially a movement for flexors, and the 
hams suffice, but the Gluteus Maximus 



Fig. 471. Explaining the action of the Psoas 
and Upper Adductors as medial rotators of the 
hip joint when the leg is fixed 

is necessary to climbing stairs, jumping, 
and running. 

THE KNEE JOINT " 

General Observations. It is apparent 
that the chief movements occurring at 
the knee joint are flexion and extension 
and that the joint is of the hinge variety. 
That somc^Begree of axial rotation is also 
permitted you can easily satisfy yourself 
by the following procedure: Sit on a table 


with your legs dangling over the side, and 
rotate your foot as far medially and then 
as far laterally as it will go. While 
doing so, apply the fingers of both hands 
to the sides of the joint and you will 
feel the tibia rotate medially and laterally 
on the femur. Rotation, then, is per- 
mitted while the knee is in the position of 
flexion and semi-flexion. Later you will 
see that a slight degree of medial rotation 
of the femur is necessary to the com- 
pletion of the act of extension. So, the 
joint is a modified hinge or ginglymus 
joint. 

When standing up and leaning for- 
wards, as when washing your face, you 
can move your patella from side to side 
because the Quadriceps Femoris is re- 
laxed. At one time or another when 
standing up each of us has received, per- 
haps in play, an unexi)ccted blow on the 
back of the knee with the result that the 
joint gave way, nearly causing us to fall; 
clearly because the Quadriceps, not being 
in action, was caught unawares. The 
Quadriceps is not required to be in action 
when we stand erect, because the line of 
gravity passes in front of tlie axis of the 
kntu‘ joint. A considerable economy in 
muscular effort is effected thereby. 

When the knee is extended (as when 
sitting on a chair with heels resting on 
another chair), the skin in front of the 
patella is loose and can be picked up 
between the fingers and thumb, just as, 
and for the same reason as, the skin 
behind the olecranon process of the 
ulna can be picked up when the elbow is 
extended. When, however, the knee and 
elbow are flexed, the slackness is taken 
up and there is no longer any redundant 
skin. At both sites a bursa (prepatellar 
and olecranon), interposed between the 
skin and bone, permits this free move- 
ment of the skin. The precise depth of 
the pre-patellar bursa varies; it may be 
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either in the subcutaneous areolar tissue, 
or deep to the fascia lata, or actually in 
the substance of those fibers of the Quad- 
riceps tendon that pass across the front 
of the patella. According to the depth 
at which it lies buried in connective tissue, 
it is referred to as the subcutaneous, sub- 
fascial, or subtendinous prepatellar bursa. 
Commonly, two bursae are present, one 
in front of the other, with the intervening 
partition largely broken down. Strands 
of fibers remain as evidence of the double 
origin. 

If you kneel on a piece of inked paper, 
you will find on rising that your skin is 
marked over the tibial tubercle, liga- 
mentum patellae, and apex of the patella, 
indicating them to be the bearing surface. 
Here, in front of the ligamentuin patellae, 
is another bill's^, the superficial infra- 
patellar bursa. If you kneel again and 
stretch forwards, as a housemaid might 
when washing a floor, you Avill find that 
the skin in front of the patella and pi’e- 
patellar bursa is marked. 

To call the ligamentuin patellae a 
^'ligamcnV is in a sense taking a. liberty 
with a term. The ligament, truly, unites 
two bones, the tibia and the patella. The 
patella, however, is but an ossific nodule 
or sesamoid bone developed on the deep 
surface of the tendon of the Quadriceps 
Femoris where, it plays upon the lower 
end of the femur; the ligament is but the 
distal end of this tendon. 

Divisions of the Joint. The bones 
taking part in the knee joint are: the 
femur, the tibia, and the patella; the 
fibula is only indirectly associated. 
Primitively, there were three joint cavities 
now merged into one. One is situated 
between the medial condyles of the femur 
and tibia; one between the lateral con- 
dyles of the femur and tibia; and one 
between the patella and the femur. 
They may be referred to as the medial and 


lateral condylar articulations and the 
patellar articulation. The condylar ar- 
ticulations are partly subdivided by 
medial and lateral menisci or semilunar 
fibro-cartilages into upper and lower 
jparts. 

The Patella and the Patellar Articulation 

As one stands erect with feet together 
and toes pointing forwards (the ana- 
tomical position), the balls of the big 
toes, the medial malleoli, and the knees 
of the two sides are in contact with each 
other, and the tibiae of the two sides are 
parallel. Not so the femora; they are 
set obliquely; ^and, thougli they are in 
contact at the knees, they are separated 
above by the width of the i^lvis. There 
is, accordingly, an open angle at the 
lateral side of the knee, coinparable to 
the angle at the side of the elbow, to- 
wards which the patella tends to become 
•dislodged when the (Quadriceps con- 
tracts; and, because the pelvis is rela- 
tively wider in the female than in the 
male and the femur shorter, the angle is 
more acute and, therefore, the tendency to 
dislocation is greater in the female than 
in tlie male. Dislocations are, however, 
not common. Why, it may be asked, 
are they not universal? Largely because 
of two factors; 

1. The forward projection of the lat- 
eral condyle of the femur. 

2. The low attachment of the Vastus 
Medialis to the patella. 

The first is a bony mechanism: The 
front of •the lower articular end of the 
femur is a pulley or trochlea in which 
the patella glides. Now, the lateral bank 
of this trochlea is deep — much deeper 
than the medial (Jig. Ji72), From this it 
follows that the posterior aspect of the 
patella is, as the counterpart of this 
trochlea, divided into two areas, of which 
the postero-lateral is larger than the 
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postero-medial. Hence, a patella falls to 
the side to which it belongs when it is 
placed on a table with its articular surface 
down and its apex pointing away from 
the observer — a right bone will fall to 
the right; a left bone to the left. It 
falls, of course, to its larger and more 
heavily weighted side. 

The second is a muscular mechanism: 
The Rectus Femoris and the Vastus 




Fig. 473. The patellar attachments of the 
Vasti Medialis and Lateralis. 

Intermedius are attached to the upper 
border or base of the patella, and on con- 
tracting they pull obliquely upwards in 
the line of the femur. The Vastus 
Me^alis and Vastus Lateralis' are con- 
tinuous with each other at their patellar 
attachments and they occupy the plane 
between the Rectus Femoris and Vastus 
Intermedius. The Medialis is attached 
to the upper § of the medial border of the 
patella ai^ only slightly to the upper 
border; the Lateralis is attached to al- 
most tjjie whole length of the upper border 


and only slightly to the lateral border 
(fig. 473). The Medialis, therefore, de- 
rives a lower origin from the epicondylar 
line and intermuscular septum than the 
Lateralis. Hence, the lower fibers of the 
Medialis draw the patella medially; those 
of the Lateralis draw it upwards but 
without a lateral pull. The Medialis, 
therefore, actively prevents lateral dis- 
placement of the patella; the lateral 
condyle of the femur does so passively. 

You can demonstrate this by bringing 
the relaxed Quadriceps into action, c.g., 
while sitting down with knee extended, 
raise the heel from the ground and follow 



Fig. 474. The three paired facets on the 
posterior surface of the patella articulate with 
the femur as shown in figure 475. The medial 
vertical facet (4) articulates along the margin 
of the intercondylar notch during full flexion 
(see fig. 172). 

the movements of the patella and liga- 
mentum patellae. 

A transverse incision opening into the 
knee joint above the patella incises suc- 
cessively: skin, fat, fascia lata, Rectus 
tendon, tendons of the Vasti Lateralis et 
Medialis, tendon of Vastus Intermedius, 
and the synovial capsule of the joint. 
These make a rather bewildering array 
of fibrous laminae when seen for the 
first time. 

The posterior aspect of the patella has 
two lower, two intermediate, and two 
upper facets, in addition to a medial 
vertical facet (fig. 474)- These articulate 
in turn during extension, slight flexion, 
flexion, and full flexion (fig. 475). The 
human patella would be less liable to 
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fracture if it possessed a single concave 
facet the whole of which was continuously 
in articulation with the femur, as it is in 
lower mammals {fig, 476), 

Palpation. A considerable amount 
of the articular surface of the knee joint 
can be palpated. When the Quadriceps 
is relaxed (heel on chair position), push 
the patella first medially and then lat- 
erally and learn how much of its articular 
(posterior) surface is palpable. When 
the knee is bent, you can easily feel the 
anterior parts of the margin of the upper 


knee joint is flexed, the patella is a me- 
chanical hindrance to extension. Indeed, 
the removal or excision of the patella re- 
sults in increased efficiency — but in the 
later degrees of extension (say 150M80®) 
Jhe patella improves the efficiency by 
holding the patellar tendon away from 
the axis and thereby increasing the ex- 
tending momentum of the Quadriceps 
pull. (11. Ilaxton, fig. 477). • 

The Tibio-femoral or “Condylar” Ar- 
ticulations. On the upper surface of 
each tibial condyle there is an oval articu- 





Fig. 475. The knee joint during (1) extension, (2) slight flexion, (3) flexion (see fig. 474). At 
the huh of the wheel, or centre of the disc, lies the epicondyle. 


aspect of the tibia, and you can trace 
the margin of the trochlea or patellar 
surface oi the femur. Jis the knee moves 
gradually from the extended to the fully 
flexed position, you can feel the [)atellH 
glide laterally on to the under aspect of 
the lateral condyle of the femur and leave 
the trochlea and the entire under aspect of 
the medial condyle exposed, except for a 
strip bounding the medial border of the 
intercondylar notch {fig. 472). This 
strip is in articulation with a vertical 
facet on the most medial part of the 
posterior surface of the patella (see areas 
4 in figs, 472, 4741 • 

The Functions of the Patella. Experi- 
mental work shown that when the 


lar area for the corresponding femoral 
condyle. The^articular areas are sepa- 
rated from each other by a narrow non- 
articular area, which widens in front into 
a triangular area, and behind into a 
square area, called the anterior and 
posterior intercondylar areas {fig. 4^4) • 
Collateral Ligaments. Were tlie 
feiporal •condyles round and their col- 
lateral ligaments arranged as in figure 478, 
the joint could be flexed both forwards 
and backwards, because the ligaments 
would be equally taut in all positions. 
But these circumstances do not obtain. 
For, (a) the medial and lateral femoral 
condyles project backwards like discs or 
wheels; (b) the collateral ligaments are 
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attached above not to the centers of the 
condyles but to the epicondyles which 
project like hubs from the centers of the 
superadded wheels; and (c) below they 

are attaciied far back the medial 

(tibial collateral) ligament to the medial 
surface of the tibia adjacent to its medial 



Fig. 476. Knee joint of a sheep showing a 
single concave facet on the patella. 



Fin. 477. The patella (A) hindering, and 
(B) assisting extension. (After Haxton.) 


border; the lateral (fibular collateral) 
ligament to the head of the fibula just 
in front of its apex (Jigs. 479, 480). 
What significance have these eccentric 
attachments? When the knee is flexed, 
the collateral ligaments are slack and 
permit oiianedial and lateral rotation. 
When the knee is extended, they are taut 
and, so, help to prevent hyperextension. 


Anyone appreciating these points wdll 
have no trouble in running his finger 
along the course of the collateral liga- 
ments and of deciding if they are tender 
and sprained. 



Fig. 47S. The hypothetical tibio-feiiioral 
joint, as a perfect hinge. 



Fig. 479. Because of their eccentric attach- 
ments the collateral ligaments are taut during 
extension. The insertion of the ilio-tibial 
band or tract is in front of the transverse axis 
of the joint and therefore helps to keep the ex- 
tended joint extended. 

The Medial (tibial collateral) Ligament 
has a superficial and a deep part. The 
superficial part, just described, is a long 
band that bridges the groove on the tibial 
condyle where the Semimembranosus 
is inserted, and the hollow below the 
condyle in which the medial inferior 
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genicular vessels and nerve run (fig. 4^2). 
This band is crossed by 3 tendons — Sar- 
torius, Gracilis, and Semitendinosus — 
each of which is controlled by a different 
nerve, and a bursa intervenes. 

The deep part, is deltoid and is at- 
tached to the margin of the tibial con- 
dyle. 

One or more bursae lie deep to the long 
band and help it to slide backwards and 
forwards on the deep part of the liga- 
ment and on the tibial condyle. 

The Lateral (fibular collateral) Ligament 
is a round cord that extends from the 
lateral epicondyle to the margin of the 
head of the fibula in front of its apex. 
This cord is crossed by 1 tendon — the 
Biceps tendon — a bursa intervening. 

(a) The su[)(‘rfK*ial band of the medial 
ligament may be/egard(Ml as the down- 
ward continuation of the sciatic part of 
the Adductor Magnus. It is directed 
downwards and forwards, (b) The lat- 
eral ligament is regarded as the upward 
continuation of the Peroneus Longus, 
It is directed downwards and backwards. 
Functionally, both ligaments restrict lat- 
eral rotation of the leg when the foot is off 
the ground, and medial rotation of the 
femur when the foot is on the ground. 

The Head of the Fibula is situated 
far back. Lay an articulated tibia and 
fibula on the table and note that the back 
of the medial condyle of the tibia and the 
head of the fibula touch the table, and 
that between them there is a gutter in 
which the Popliteus plays. So, to palpate 
the head of your own fibula, place your 
fingers behind your knee and carry them 
forwards round its lateral side. 

Sequences. The upper end of the 
tibia and fibula may arbitrarily be fitted 
into an oblong frame in which the head of 
the fibula occupies the postero-lateral 
angle (fig, 481). From a consideration 


of this fact the following sequences might 
reasonably be surmised: 

1. The lateral condyle of the tibia is 
shorter from before backwards than the 



Fig. ‘ISO. The collateral ligaments are slack 
during flexion and permit rotation. 
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TIBIA &CARTLS. 


Fig. 481. (A) The upper ends of the tibia 
and fibula in an oblong frame: Sequences. 
(B) The lower articular aspect of the femur: 
Sequences* (see text). 

medial condyle by approximately the 
thickness of the head of the fibula. 

2. Therefore, of the two semilunar 
fibro-cartilages or menisci that rest on 
and fit the tibial condyles and are bound 
to their margins by coronary ligaments, 
the lateral is shorter than the medial. 
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The shorter lateral semilunar is shaped 
like a small the longer medial semi- 
lunar like a capital The ligamen- 

tous ends of the "‘o’" are attached to the 
nonarticular part of the upper surface 
of the tibia close together; the ligamen- 
tous ends of the are attached far 
apart, embracing those of the “o”. 

3. Therefore, the portion of the lateral 
condyle of the femur that articulates with 
the lateral condyle of the tibia (and its 
semilunar) is shorter antero-posteriorly 
than the corresponding part of the medial 
condyle of the femur. [Note, the con- 
dyles of the femur have patellar and 
tibio-semilunar areas. Just now refer- 
ence is to the tibio-scmilunar areas.] 

4. Therefore, as the joint passes from 
full flexion to full extension, the medial 
condyle of the femur has farther to travel 
than the lateral condyle. 

5. During extension the two femoral 
condyles rotate on the tibia and its semin 
lunars as do the two rear wheels, of a 

vehicle on a road, millimeter for 

millimeter and inch for inch. Therefore, 
when the shorter lateral femoral condyle 
has run its course, the longer medial 
condyle has still a certain distance 
inch) to run. 

6. During extension the revolving lat- 
eral femoral condyle is arrested by two 
mechanical obstacles. Both have their 
mark on it. One, the anterior margin of 
the lateral semilunar creates and fits 
into the curved groove running from the 
anterior part of the intercondylar notch 
to the lateral margin of the conjlyle; the 
other, the taut anterior cruciate ligam^t, 
creates and fits into the subsidiary notch 
at the antero-lateral part of the inter- 
condylar notch. 

7. * The Quadriceps Femoris, however, 
continues to contract wdth the result 
that, while The medial femoral condyle is 
completing its course (i inch), the femur 


is rotating medially on its long axis, the 
pivot around which it turns being the 
anterior cruciate ligament. 

8. At the same time the lateral femoral 
condyle and the lateral semilunar, whose 
sharp anterior margin is locked in the 
groove on the lateral femoral condyle, 
slide forwards together on the tibia, 
moving as one structure. 

It is a matter of interest and signifi-\ 
cance that the posterior end of the lateral j 
semilunar is attached to the femur by an' 
oblique band that passes either in front [ 
of (lig. of Humphry) or behind (lig. of( 
Wrisberg) the posterior cruciate liga- 1 
ment. In most animals this oblique 
band is the sole posterior attachment of 
the lateral semilunar. This indicates 
that its allegiance is to the femur rather 
than to the tibia. 

9. The upper surface of the lateral 
tibial condyle is, therefore, flat to allow 
of this forward gliding; and the lateral 
semilunar is broad and expansive in order 
to a(*t as ;i carriage or toboggan for the 
lateral ^moral condyle. 

10. The upper aspect of the medial 
tibial condyle is concave to allow of 
flexion, extension, and rotation. And its 
semilunar, which does not act particularly 
as a carriage for the medial femoral 
condyle, is narrow. In front it is tapering. 

11. The medial femoral condyle is, 
then, completing the process of extension 
at the same time as the femur is under- 
going axial rotation. No special rotator 
muscles arc provided; the Quadriceps 
Femoris, acting against the obstruction 
offered by the anterior cruciate ligament, 
is alone responsible. When these move- 
ments are completed, the anterior border 
of the medial semilunar fits into a curved 
groove on the medial femoral condyle. 

12. The lateral (fibular collateral) Uga-^ 
ment passes to the lateral margin of the 
head of the fibula and, therefore, lies wide 
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of the lateral tibial condyle, and therefore 
wide of the lateral semilunar. In fact> 
the space between them is wide enough 
to afford a passage for the tendon of the 
Popliteus (fig, 482), 

13. But with the medial (tibial col- 
lateral) ligament it is different : its 
deltoid part is attached to the margin 
of the medial condyle jaf the tibia, and. 
therefore does come Into contact with the 
medial semilunar and blends with it. 

The anterior cruciate ligament has 
been seen to occupy, during extension, a 
small subsidiary notch at the antero- 
lateral part of the intercondylar notch 
of the femur. The presence of this sub- 
sidiary notch in the dried femur affords 
evidence that the particular knee joint 
was capable of being fully extended, and 
therefore that its owner walked erect. 
The femora of certain prehistoric men, 
such as Java Man (Pithecanthropus 
Erectus) and Rhodesian Man present 
such well-marked notches for the anterior 
cruciate ligament that they unquestion- 
ably are entitled to the term '^Erectus''; 
but the term would be ill-applied to 
Neanderthal Man whose femora have no 
suggestion of a notch. For this and 
other reasons, it is believed that his was 
a crouching gait. 

The -Intercondylar Septum figs. (483, 
484)' In prenatal life a vertical septum 
or partition separates the medial and 
lateral condylar joints from each other. 
The lower border of this septum* is at- 
tached to the intercondylar area on the 
upper aspect of the. tibia. The posterior 
half of its upper border is attached to the 
intercondylar notch of the femur; the 
anterior half is free and extends from the 
intercondylar notch of the femur to the 
patella just below its articular surface. 
So, it is possible — theoretically at least — 
to pass a needle from the front of the 
joint to the back without entering the 


synovial cavity, the needle remaining 
within the intercondylar septum. A per- 
foration usually appears in the septum 
(fig, 484)- occasionally it is pinpoint in 
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/ 
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Medial inf. 
genicular a. 
Fig. 482. The knee joint, in coronal section. 
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Big. 4Si5. The intercondylar septum (viewed 
from medial side). 


size; generally it is large and extends 
backwards to the anterior cruciate liga- 
ment. It divides the septum into an 
anterior part, the infrapatellar fold, and 
a posterior part in which the anterior and 
posterior cruciate ligaments develop. 
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The Infrapatella Synovial Fold 
(Lig. Mucosum) resembles the ligament 
of the head of the femur (lig. teres fem- 
oris) in being a tubular cone of synovial 
membrane which is flattened and tri- 
angular in shape. It has an anterior and 
a posterior surface. Its apex remains at- 
tached to the most anterior point of the 



Fio. tSL Intercondylar scf)tuiti as seen from 
above on the tibia. (A) early; (H) later 
Four derivatives are soon. 




Fig. 185. The postent*! <'riiciate ligament 
prevents forward displiK'eineiit of the femur 
or backward displacement of the tibia. The 
anterior “X” ligament prevents backward dis- 
placement of the femur and hyperextension. 

intercondylar notch of the femur.; its open 
base extends from just below the arlicdlar 
cartilage of the patella to the anterior 
intercondylar area of the tibia; its sides 
arc free and are prolonged into fringes, 
called the alar folds. The infrapatellar 
pad of fat the fat behind the lig. 
patellae) is continued upwards into the 
infrapatellar fold and, in stout subjects, 


into the alar folds also. Injury to the 
knee may. result in these folds being 
bruisotl. 

The Cruciate Ligaments develop in 
the hinder part of the septum and cross 
each other like the limbs of a St. Andrew’s 
cross ; the one that is attached to the tibia 
below and in front is attached to the 
femur above and behind, and contrari- 
wise. It is from their tibial attachments 
that they take their names. The an- 
terior cruciate ligament, already observed 
to groove the antero-lateral part of the 
intercondylar notch, is attached above to 
the lateral femoral condyle; so, by ex- 
clusion the posterior cruciate ligament is 
attached above to the medial femoral 
condyle. Figure 485 makes clear that 
tl)0 posterior eruciato ligament prevents 
forward displacement of the femur on the 
tibia, and that the anterior cruciate liga- 
ment prevents bacdvward displacement 
of the femur and hyper-extension of the 
joint. The [posterior cruciate with the 
medinl ligament may be regarded as 
“eollaterar’ ligaments for the medial 
(‘ondvlar joint, mthI the anterior cruciate 
with the lateral ligament as “collat- 
eraP’ ligaments for the lateral condylar 
joint. 

A glance at the upper surface of the 
tibia suffices to answer the question, 
^^How are side to side movements of the 
femur prevented?” It is seen that the 
articular surface of each tibial condyle 
rises gently towards the non-articular area 
and ends in a tubercle. The medial and 
lateral tubercles together constitute the 
intercondylar eminence. Side to side 
movement of the femur would cause one 
or other condyle to mount its respective 
incline. This the cruciate ligaments, 
obviously, would resist; so also would 
the medial and latemi ligaments during 
extension of the joint. 

The^ Synovial Cavity and Communicat- 
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ing Bursae. The synovial cavity of the 
knee joint is not less complicated than 
the peritoneal cavity. Its intricacies 
fade into simplicity once you appreciate 
the following: (1) Dcvelopmeiitally, the 
joint possesses three synovial cavities: a 
patellar and two condylar. The parti- 
tion separating the patellar from the 
condylar cavities disappears, leaving only 
the vestigial alar folds. The partition 
separating the condylar cavities from 
each other has been described above at 
some length as the intercondylar septum. 
Fluid can pass from one condylar cavity 
to the other cither by way of the patellar 
cavity, that is, over the infra-patollar 
fold, or else through the hole that appears 
in the intercondylar septum between the 
infrapatellar fold and the anterior cruci- 
ate ligament; but^by no other way. (2) 
Each condylar cavity is divided into 
an upper and a lower part by the inwardly 
projecting semilunar cartilages. The two 
parts communicate around the free con- 
cave border of the semilunar. Loose coro- 
nary ligaments attach the convex margins 
of the semilunars to the upper end of 
the tibia below (J inch) the articular 
margin {Jig, The lateral coronary 

ligament is worn away where the Pop- 
liteus tendon presses on it. (3) Three 
bursae communicate with the knee joint, 
one joining each of the three primitive 
cavities (figs, 480, 4^7). The bursae lie 
deep to the tendons of the Quadriceps 
Femoris, Popliteus, and medial head of 
the Gastrocnemius. The bursa deep to 
the Quadriceps Femoris tendon, known 
as the suprapatellar bursa, always opens 
freely into patellar cavity. The popliteus 
bursa opens into the lateral condylar 
cavity. It is situated between the pop- 
iiteiis tendon and all the hard structures 
(lateral semilunar, lateral tibial condyle, 
superior tibio-fibular joint) upon which 
the tendon plays; so, it is elongated. 


Sometimes the partition between this 
bursa and the superior tibio-fibular joint 
gives way and, so, brings the knee joint 

PopUtoaL bursa 

Scrrvilurxar Cart. 
I Coror^ary Liq- 



F'ig. 4S6. Showing the popliteal bursa com- 
municating with the joint cavity, and the 
coronary ligament attaching the convex border 
of the semilunar cartilage to the tibia. 



Fio. 487. Showing the Quadriceps Femoris 
and Gastrocnemius bursae communicating 
with the joint cavity. 

and the superior tibio-hbular joint into 
communication. The bursa deep to the 
medial head of the Gastrocnemius very 
commonly (43% of 528 limbs, C. G. 
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Smith) communicates with the medial 
condylar cavity. This bursa communi- 
cates with a bursa deep to the Semimem- 
branosus and, so, may bring the semi- 
membranosus bursa and the knee joint 
into communication. 

Extent op the Synovial Capsule* 
{fig. 48S). An incision ina^" be carried 
upwards on the tibia to w ithin a quarter 


Q^ULOtdLriccps Ferrs^oris 



of an inch of its articular margin Avithout 
opening the synovial cavity, except be- 
hind, where the popliteus bursa lies. 
How far may an incision be carried down- 
wards on the ieimiT*? In front, to the 
top of the snprapateWar bursa, that is two 
finger’s breadth-above the patella; at the 
back, to th^rigins of the heads of the 
Gastrocnemius; at the sides the level 
must fall below the epicondyles, for they 


give attachment to the collateral liga- 
ments, which are, of course, outside the 
synovial membrane. 

The posterior cruciate ligament may 
be exposed from behind and the infra- 
patellar fold (lig. mucosum) from the 
front without opening into the S3aiovial 
cavity, because they represent the pos- 
terior and anterior margins respectivefly of 
the intercondylar septum {fig. 484)- 

The Fibrous Capsule. Like other 
movable joints, the knee possesses a 
fibrous capsule as well as a synovial one. 
The ligamentum patellae and the medial 
ligament are part of the fibrous capsule. 
The fibrous capsule is completed in front 
and at the sides by expansions from the 
Vasti, Sartorius, Gracilis and Semiten- 
dinosus, Biceps and ilio-tibial tract. Be- 
hind, it is composed of fibers that run 
parallel with the Popliteus, i.e., obliquely 
downwards and medially from femur to 
tibia; and one band, known as the oblique 
posterior ligament^ is attached to the 
Semimembranosus tendon. These limit 
extension of the joint and medial rotation 
of the femur on the tibia. The lateral 
ligament and the Popliteus tendon lie 
between the synovial and fibrous cap- 
sules. From their direction it would 
seem that both the medial and lateral 
ligaments restrict medial rotation of the 
femur on the tibia. The semilunars act 
as carriages for the femoral condyles; 
this is especially true of the lateral semi- 
lunar. They also serve as packing. 

Relations. All the muscles crossing 
the joint are relations of the joint. The 
ilio-tibial tract is to be noted especially, on 
account of its great protective value to 
the exposed lateral side of the knee. It 
is placed between the ligamentum 
patellae and the tendon of the Biceps; 
it alone separates the skin from the 
synovial membrane. The lateral pop- 
liteal nerve (peroneal n.) follows the pos- 
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tenor border of the Biceps. The medial 
popliteal nerve (tibial n.) is behind the 
popliteal vein, which in turn is behind the 
popliteal artery. The popliteal artery 


arteries. The nerve supply is derived 
from the femoral n., via branches to the 
Vasti and the saphenous nerve; the ob- 
turator n. via the branch to the Adductor 


TABLE 18 

Muscles Acting upon the Knee Joint (All the Muscles That Cross It) 


NERVB SUPPLY 

MUSCLES 

ACCESSORY ACTIONS 

MAIN ACTIONS 

Sup. Gluteal 

Inf. Gluteal 

Ilio-tibial tract 

T. Fasciae Latae 
Gluteus Max. (pt.) 

Retain knee in the ex- 
tended position 

• 

Extensors 

• 

Femoral 

. 

Quadriceps Femoris 
[Rectus Femoris 
)V. Intermedius 
|V. Lateralis 
[V. Medialis 

Responsible for the 
final ^ ‘screw home” 
movement 

Sartorius 

Rotate leg medially 

Flexors 

Obturator 

Add. Gracilis 

1 

• 

Tibial division of sciatic 

S. Tendinosus 

S. Membranosus 
Popliteus 

Gastrocnemius 

Plantaris 


Biceps (Long) 

1 

Rotate leg laterally 


Peroneal division of i 
sciatic 1 

Biceps (Short) 


is applied to the back of the fibrous 
capsule and is bound down by its five 
articular branches (fig, 

Blood and Nerve Supply. Of the five 
articular branches, the middle genicular 
a. passes forwards and supplies the struc- 
tures in the intercondylar septum. The 
two medial and two lateral genicular aa. 
course deep to all muscles and ligaments 
they encounter, and embrace either the 
femur or the tibia. The lateral inferior 
genicular a. is an exception in as much as 
it passes (a) behind the Pophteus tendon, 
and then (b) runs along the margin of 
the lateral semilunar. These arteries 
anastomoie with each other, with the 
descending branch of the lateral femoral 
circumflex, the descending gemcular, and 
the anterior and posterior tibial recurrent 



Fig. 4S9. Bipartite patella: a conditioi 
which is commonly bilateral. 

Mhgnus; and the tibial and perone^ 
branches of the sciatic n. via the 5 genicu 
lar branches of the medial and latera- 
popliteal nn, which accompany the respec- 
tive arteries. 

Bursae about the Knee^ in summary. 
Of these, there are eleven or more. 
Thus: 
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3 communicate with the joint — Quad- 
riceps (suprapatellar), Popliteus, and 
Medial (histrocneinius. 

3 beside llie patella or lig. patellae — 
prej)atellar, superficial infrapatellar, and 
deep infrapatellar. 

2 Semimembranosus bursae — the one 
between the Semimembranosus and Ctas- 
trocnemius tejidons usually (communi- 
cates with the Gastrocnemius- b. and so 
may communicate indirectly with the 
knee joint; the other lies l^etween Semi- 
membranosus tendon and the tibial con- 
dyle. 

2 superficial to the collateral ligaments 
— the one between the lateral lig. and the 
overlying Biceps tendon; the other be- 
tween the medial lig. and the three over- 
lying tendons (Sarlorius, Gracilis and 
Semitendinosus). The latter is com- 
monly continuous ^^■ith a bursa between 
Sartorius superficially and Gracilis and 
Semitendinosus deeply. < 

1 or more bursae betwcien the super- 
ficial and deep parts of the mcnlial liga- 
ment. 

Epiphyses. The more actively grow- 
ing ends of the femur and tibia are at the 
knee. The lower epiphysis of the femur 
begins to ossify about the ninth fetal 
month and fuses with the diaphysis about 
the 19th year. The epiphyseal line runs 
through the adductor tubcrcle^Along the 
intercondylar line, and sha^ es the upper 
ends of the cartilage of the cond 3 ^ 1 es. 
Four blunt prongs from the diaphysis fit 
into four shallow cups in the epiphysis 
S81), 

The upper epiphysis of the tibia ifi- 
cludes the groove for the Semimem- 
branosus on the medial condyle, the facet 
for the fibula on the lateral condyle, and 
the tibial tubercle. Ossification begins 
before birth^jjpr soon after birth; fusion 
occurs about the 19th year. 

The patella begins to ossify about the 


third year, generally from a single center. 
The supero-lateral angle may remain 
unossified (emarginate patella) or may 
ossify independently {fig, J^89). 

THE ANEXE JOINT 

General Observations and Considera- 
tions. Before dissecting the join^ or 
studying prepared dissections, we shall 
collect the scattered facts regarding it 
that are already ours. 

1. In walking, the Triceps Surae (i.e., 
two heads of the Gastrocnemius and 
the Soleus) raises the heel from the 
ground, that is to say, it causes plantar- 
flexion of the ankle joint. During the 
act of advancing the limb, the four an- 
terior crural muscles cause the foot to 
clear the ground, that is to say, they 
cause dorsi-flexion. The value of the 
ankle joint resides in this hinge action, 
in this to and fro movement in walking. 

2. The weight of the body is trans- 
mitted to the talus through the tibia. 
The malleoli grasp the sides of the talus 

3. The sharp tip of the fibular mal- 
kioius is felt f" below the level of the 
blunt end of the tibial malleolus. The 
top of the sustentaculum tali of the 
calcaneum is felt J of an inch below the 
tibial malleolus and, therefore, on a level 
with the tip of the fibular malleolus. It 
follows, therefore, that the fibular mal- 
leolus extends the whole depth of the 
lateral side of the body of the talus and 
that i of an inch of the medial side are 
not covered by the tibial malleolus. 
Hence, the lateral side of the body of the 
talus is f articular, and the medial side is 
i articular and, as we shall see, f liga- 
mentous {figs. 401 f 4'^^)- 

4. The sides of the malleoli dnd of the 
shafts of the bones above them are sub- 
cutaneous; that is to say, there are no 
muscles at the sides of the ankle. They 
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are grouped in front and behind as they 
obviously should be at an ideal hinge 
joint. 



Fig. 490. A coronal section of the ankle 
joint and of the posterior and anterior talo- 
calcanean joints. 



CalccxYxco -fibtxlotr 


if' 

Fig. 491. Lateral aspect of calcaneum and 
talus. The lateral surface of the body of the 
talus is three-thirds articular. The arrow 
traverses the tarsal tunnel, (tarsal sinus). 

5. Because of the hinge movements, the 
upper surface of the body of the talus is 
necessarily articular and convex from 
before backwards, and the under aspect 
of the lower end of the tibia is necessarily 
articular and concave. 


6. In lower mammals, such as the 
sheep, the ankle joint is unquestionably 
a pure hinge joint in which movements 
are necessarily restricted to flexion and 
extension, because an antero-posterior 



Fig. 402. Medial aspect of calcaneum and 
talus. The medial surface of the body of the 
talus is one-third articular; two-thirds rough 
for ligament. 



Fig. 493. The ankle joint of the sheep. 

flajige projects downwards from the mid- 
dle of the lower end of the tibia and fits 
into a corresponding slot in the talus 
(fig, 4^3), The flange is the equivalent 
of an “intermediate malleolus". In man 
this feature, though not pronounced, is 
sufficiently well marked to produce a 
broad shallow groove on the upper surface 
of the body of the talus and to suggest 
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that the joint is fundamentally a pure 
hinge joint, as in the sheep. 

7. With the exception of the tendo 
calcaneus, all muscles or rather all tendons 
crossing the ankle joint — 4 in front, 5 



Fio. 494. At the ankle joint the ligaments 
and bones resist the forces of the muscles and 
of gravity. 



Fig. 495. Diagram of the ankle joint in 
horizontal section to show that the ligamei^ts 
and the wedge-shape of the socke^ prevent 
backward displacement of the talus. 

behind— pass forwards to be in d 
into the foot anterior to the mid-tarsal 
joint {fig. 494 ) » On contracting they 
tend to pro^ce forward dislocation of the 
leg bones a^he ankle joint. No muscles 
arise from the tibia or fibula and pass 
backwards to counteract this tendency. 


8. When we rise on our toes, the force 
of grp-vity also tends to displace the leg 
bones forwards. 

9. The strength of a joint depends 
upon four factors: (a) Bones, (b) Liga- 
ments, (c) Muscles, and (d) Gravity. 

The muscles and gravity here tend 
towards forward displacement of the, leg 
bones; so, it falls to the bony parts and 
the ligaments to resist this. 

10. This demands that the socket shall 
be so fashioned that it cannot slide for- 
wards on the talus, 

11. and that the ligaments shall pass 
downwards and backwards. 

Bony Parts. These include (a) parts 
of the talus and (b) its socket. 

The Talus. It has been implied that 
the upper surface of the body of the talus 
is saddle-shaped and articular, and that 
it is continuous with an extensive facet 
for the fibular malleolus and with a 
restricted facet for the tibial malleolus. 
Note that the body is Avedge-sbaped (fig. 
495 ), the broad end being in front, and 
that the fibular facet faces upwards as 
well as laterally. 

The Socket comprises (a) the malleoli, 
whose posterior borders converge pos- 
teriorb”, (b) the lower articular surface 
of the tibia, Avhich is prolonged down- 
Avards posteriorly into a flange, and (c) 
tlie inferior transverse tibio-fibular liga- 
ment AAdiich deepens the socket postero- 
laterally and rubs against the talus. 
The Avedge-shape, the flange, and the 
transverse ligament all assist in prevent- 
ing forAvard displacement of the two leg 
bones. 

Ligaments. The anterior and pos- 
terior parts of the capsule are loose to 
allow of hinge movements. The Medial 
or Deltoid Ligament {fig. 496) arises from 
the blunt end of the tibial malleolus and 
has 2 parts, a superficial and a deep, 
shaped like the corresponding parts of 
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the medial ligament of the knee: (a) 
The superficial or ^'calcaneo-tibiaV* band 
passes downwards and backwards to the 
upper part of the side of the sustentac- 
ulum tali, (b) The deep or deltoid part 
spreads out to be attached to the whole 
non-articular part of the medial aspect 
of the talus — ^from the medial tubercle 
behind to the neck in front. A few an- 
terior fibers reach the navicular bone. 
Fibers placed between the sustentacu- 
lum and the navicular are continuous 
with the spring ligament and they may 
be said to suspend it {fig. 496). 

The Lateral Ligament (fig. 407) has 3 
parts: (a) The calcanco-fibular ligament 
is a cord that passes downwards and 
backwards from in front of the tip of the 
fibular malleolus to a fulness on the side 
of the calcancum.. In shape and direc- 
tion it resembles the lateral ligament of 
the knee, (b) The posterior talo-fibular 
ligament (fig. 409) passes medially and 
back\vards from the fossa on the medial 
side of the fibular malleolus to the pos- 
terior tubercle of the talus (or os tri- 
gonum) and adjacent part of the talus, 
(c) The anterior talo-fibidar ligament is a 
band that passes from the anterior border 
of the malleolus to the neck of the talus 
in front of the triangular fibular facet. 

In Summary. Four ligaments pass 
backwards, thereby resisting forward dis- 
placement of the leg bones, or, which is 
equivalent, backward displacement of the 
foot. The “calcaneo-tibiar' and cal- 
caneo-fibular ligaments pass from the 
respective malleoli downwards and back- 
wards to the calcaneum, and in so-doing 
span the talus. The posterior fibers of 
the deltoid ligament and the posterior 
talo-fibular ligament are very strong. 
They pass from the malleoli to the respec- 
tive tubercles of the talus and to the ad- 
jacent parts of the talus (fig. 409). 

The anterior talo-fibular ligament and 


the anterior part of the deltoid ligament 
pass downwards and forwards from the 
respective malleoli. The anterior talo- 
fibular ligament is the weakest ligament 
of the joint. 



Fig. 406. The medial or deltoid ligament of 
the ankle joint. 


Post'2rior talo 
fibvtlar Ivg 


Calcatxco- 
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Iixterosscus 

lig. 



Fio. 497. Lateral view* of the ligaments 
about the ankle region. Observe that these 
ligaments *are so directed as to prevent back- 
wai^d displacement of the foot bones. 


The Synovial Membrane extends well 
forwards on to the neck of the talus. 
A puncture or a superficial incision made 
in front of the joint, when the toes are 
pointed, is liable to enter the joint cavity 
(Jig. 498). Here, as at other joints, syii- 
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ovial folds extend between the articular 
surfaces, and a pad of fat is present. 

Relations. In front, the anterior tibial 
vessels and nerve lie midway between the 
malleoli with 2 tendons on each side of 
them. Behind, the FI. Hallucis Longus, 
tendon lies midway between the malleoli 
and there are 2 tendons behind each 
malleolus; the posterior tibial vessels and 
nerve lie? between the FI. Digitorum 
Longus and FI. Hallucis Longus {fig, 
/f99). The deltoid ligament is crossed by 
the Tibialis Posterior tendon; the cal- 



Fig. 198. The synovial cavity of the ankle 
joint, distended. The posterior surface of the 
mid-tarsal joint, i.e., anterior surfaces of the 
talus and calcaneum are shown. Note the posi- 
tions of the long tendons in relation to the 
sustentaculum tali. 

caneo-fibular ligament by the Peronei 
Longus and Brevis. 

Movements. Dorsi-Jlexion ( Flexion) 
— Tibialis Anterior, Peroncus Tertius, 
and the long extensors of the toes. 
Planiar-flexion ( Extension) — Ga strocne- 
mius and Soleus. 

The 5 tendons passing behind the ankle 
are too close to the axis of the joint to 
act to advantage on the joint. In fact, 
if the tendo ^alcaneus is cut, the pow^r 
to plantar-fiivik is lost. 

Epiphyses. The lower epiphyseal 
plate of the fibula is at the level of the 


upper surface of the joint; that of the 
tibia is a third of an inch above the 
joint {jig. 490). 

Blood Supply. From the anastomoses 
around the joint. 

Nerve Supply. From the anterior and 
posterior tibial nerves. 

Further Observations. The most un- 
stable position the joint can assume is 
plantar flexion, as when you rise on your 
toes, because the narrow end of the 
wedge-like body of the talus is then only 
loosely engaged by the malleoli, and 


EXTENSOR RETINACULUM 



Fig. 499. Horizontal section through ankle 
joint showing (a) wedge-shaped socket, (b) 
direction of ligaments, (c) five posterior ten- 
dons, and (d) the investing and intermuscular 
deep fascia. 

.slight degrees of inversion and eversion 
are permitted. The joint depends on the 
2 tibial and 3 peroneal muscles, which 
act like the ropes of a rudder, to steady 
it. It is, perhaps, unfortunate that the 
Peroneus Tertius is not as strong as the 
Tibialis Anterior. It might then save 
the ankle from being sprained through 
forced inversion when you stmnble with 
the toes inturned, as when stepping off 
the sidewalk. The anterior talo-fibular 
ligament, the weakest ligament of the 
joint, commonly suffers. To avoid this 
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risk, it is wise wlien walking over difficult 
ground to turn the toes out. 

On going down hill you instinctively dig 
your heels into the ground, (a) because in 
this position of dorsi-flexion the broad 
edge of the wedge is closely grasped by 
the malleoli, and (b) because the heel is 
at the short end of a lever; the toes 
being at the long end. 

The socket of the ankle joint is not 
rigid but supple {fiq. 500). The supple- 
ness is due (a) t.o the infero-lal oral direc- 
tion of the various tibio-hbular ligaments 
{fig. 427) and (b) to the obliquity of the 
fibular facet. Th(' ligaments allow th(^ 
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Rigid Supplo 

Fni. .'jOO. Transv(‘rso tibio-fibul.'ir ligaments 
would make a rigid ankle socket; oblique liga- 
ments make a supple socket, 

fibula to move in 2 directions — eranially 
and laterally-— hence, the socket yields 
by broadening. Because the fibular facet 
is not vertical but oblique, movement 
eranially results in further broadening. 

If you grasp the shafl^s of an articulated 
tibia and fibia just above the ankle and 
squeeze them together, you will see the 
fibular malleolus spread laterally — pro- 
vided the parts have not been allowed to 
dry. 

THE JOINTS OF THE FOOTj 

The Talo-calcanean Joints. Between 
the hip bone and the heel there are four 


joints — hip, knee, ankle, and talo-cal- 
canean. The last named, the talo-cal- 
canean joint, is apt to be overlooked. 

The Bones Concerned. The entire 
body and part of the head of the talus 
.rest upon the anterior two-thirds of the 
calcaneum and project slightly in front of 
it {fig. 50J). The Upper Surface of the 
Calcaneum is divided into three areas: 
^a) The posterior third is sadfHe-shaped 
and above it lies a pad of fat. (b) The 
anterior third occupies a lower level than 
the posterior third and forms a horizontal 
platform {fig. 502). It*pi’esents medially 
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Fifi. 501. The lateral aspect of the talus 
ami os calcaneum. The arrow traverses the 
tarsal tunnel. 

a smaiy^et (anterior calcanean facet) 
whiclf'^^ usually continuous postero- 
medially with a larger facet ^middle 
calcanean facet) on the sustentaculum 
tali, (c) The intermediate third (pos- 
terior oalcanean facet) occupies the in- 
clined plane between the anterio’r and 
posterior thirds. In contrast with the 
combined anterior and middle calcanean 
facets which are concave, the posterior 
calcanean facet is convex. A deep groove 
separates the posterior facet from the 
middle facet; and, when the talus and 
calcaneum are in articulation, the groove 
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is converted into a tunnel, the tarsal 
A probe entering the sinus be- 
hind the sustentaculum tali will travel 
downwards, laterally, and forwards to 
debouch on to the lateral part of the 
anterior third of the upper surface of the 
calcaneum. This sinus lodges some fat 
through which run several fibrous bands, 
called the inlerosseous lalo-calcanean liga- 
mcrU. These unite the respective bones. 

The platform on to which the sinus 
debouches affords attachment to the stem 
of the inferior extensor retina(uilum, the 
Extensor Digitorum Ihevis, and the bi- 
furcate ligament. 

The talus and calcaneum have, then, 

« 

three areas of contact: of these, the 
anteiior is frequently continuous with the 
middle, and, were there no interosseous 
ligament, the middle would be continuous 
with the posterior. 

The Ligaments. The 2 ligaments 
uniting the calcaneum to the talus are: 

a. The interosseous talo-calcanean, 
which is not very strong 4^0, ^P7). 

b. The lateral talo-calcanean, which is 
a mere slip (fig. 4^7). 

The 2 ligaments uniting tlie calcancuni 
to th(' bones of th(‘ leg are: 

c. The calcaneo-fibular portion of the 
lateral ligament of the ankle (fig. '}07). 

d. The '^calcaneo-tibiar' portion of the 
medial or deltoid ligament of the ankle 
(fig. 40G). 

All four ligaments lake one and the 
same direction — downwards and back- 
w^ards. They, therefore, pre\’ent back- 
wards displacement of the later 4 l longi- 
tudinal arch of the foot. * 

The Five Tendons. The five tendons 
(Peronei Longus et Brevis, FI. Hallucis 
Longus, Tibialis Posterior, and FI. Digi- 
torum Longue) that play so important a 
part as stiWlizers of the ankle joint 
play a similar rdle here at the talo- 
calcanean joints, the FI. Hallucis Longus 


being especially important. It alone of 
the five has a direct influence on the joints. 
Leaving the tibia, it courses in the groove 
between* the posterior and medial tuber- 
cles of the talus, and then passes alone 
beneath the sustentaculum tali (Hg, 4^2, 
* 498, 499). 

Movements. (1) Dorsifiex your foot 
so tliat the talus shall be firmly grasped 
by the malleoli and the ankle joint 
thereby locked. Then taking hold of 
your heel, observe that it can be rocked 
from side to side. Similarly, if you fill an 
ankle joint with plaster of Paris and 
thereby immoblise it, you can readily 
satisfy yourself that movements of inver- 
sion and eversion take place at the talo- 
calcanean joints. (2) Examination of 
the articulated foot shows that the talus 
can slide like a bolt on its long axis which 
runs downwards, forwards, and medially 
(or upwards, backwards, and laterally) 
causing the medial spring of the foot to 
glide on the lateral spring. This adds to 
the elasticit}^ of the foot. 

Ohsrrralion. The apex of the fibular 
facet of the talus resembles the cutting 
(‘dge of a chisel. Should one fall from a 
height on to ones heels this chisel-like 
edge may drive its w^ay into the cal- 
caneum (fig. 491). 

The iintciior talo-calcanean joint 
cavity is continuous wuth that of the 
talo-navicular joint, on wdii(‘,h account 
tlui two joints arc referred to collectively 
as the talo-calcaneo-navicular joint. 

The Transverse Tarsal Joint (Mid- 
tarsal Joint) has two component parts: 

(1) The Talo-navicular Joint, 

(2) The Calcaneo-cuboid Joint. 

They are joints of inversion and ever- 
sion and as such are complementary to- 
the talo-calcanean joints (figs. 498, 502). 
Indeed, if you drive a nail upwards 
through the calcaneum and talus, thereby 
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immobilising the talo-calcanean joints, 
you will find that the movements of in- 
version and eversion are very greatly 
restricted. 

Inversion and Eversion, To invert the 
feet is so to rotate them that the soles 
come to face each other. To evert is to 
rotate them in the opposite direction. If 
you examine the feet of a young fetus or 
even of a child at birth, you see that the 
feet are inverted. A fetus might clap its 
feet almost as easily as an adult can clap 
his hands. It is not until the child is a 
year or more old and learns to walk that 
it is able to evert its feet sufficiently to 
TIB. POST. /- 



metatarsals, to adjust themselves to the 
irregularities of the ground. They are, 
therefore, of greater importance to a 
country dweller than to one living in a 
city. Even to a city dweller, however,, 
they are necessary to the distribution of 
the weight of the body in proper ratio 
amongst the heads of metatarsals (p. 
486 ). 

When the ankle joint is plantor-flexed 
and the narrow end of the body of the 
talus loosely engaged by the malleoli, a 
slight amount of inversion and eversion 
can take place at the 'ankle joint, but 
this probably is not beneficial. 

DELTOID Lie. 



BIFURCATE LIG- 
SESAMOID 


CALC.-FIB. LIG. LAT.CORD ABD-DIG-V 

Fig. 502. The talus has been removed to show its bed. 


place them flat (plantigrade) on the floor. 
This eversion is brought about partly by 
a change in direction of the neck of the 
talus and partly by a relative increase in 
the size of the bones on the medial border 
of the foot. 

Inversion is not a matter of rotating 
on an axis passing through the heel and 
along the middle toe. It is, in fact, easily 
seen that the movement involves adduc- 
tion of the front of the foot. Is any 
useful purpose served by the movements 
of inversion and eversion that take place 
at the talo-calcanean and transverse tarsal 
joints? They allow the bearing points of 
the foot, namely, the medial tubercle of 
the calcaneum and the heads of the five 


Observations, a. On palpating the 
dorsum of the inverted foot, the front of 
the head of the talus and the anterior 
aspect of the calcaneum are found to be 
partly uncovered. Evidently inversion 
and eversion take place here. 

b. Invert slightly against resistance 
and note by inspection and palpation 
that the Tibiales Anterior et Posterior are 
in^tetion. 

c. Evert and by palpation (not always 
easy) note that the three Peronei are in 
play. The five muscles of inversion and 
eversion must clearly find attachment to 
the foot in front of the transverse tarsal 
articulation. 

d. The hoUowed-out navicular bone 
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forms a socket for the head of the talus; 
80 , the articulation is ball-and-socket in 
conformation but not in movements be- 
cause encumbrances, in the form of 
adjacent bones and ligaments restrict 
its movements to gliding, i.e., the joint 
is of the plane or arthrodial variety. 

e. Dorsal, interosseous, and plantar 
ligaments unitathe cuboid to the navicu- 
lar and .cuneiforms; so, when the two 
tibia! muscles cause inversion, the cuboid 
cannot choose but follow. 

f. From this it may be concluded that 
of the opposed surfaces of the calcaneum 
and cuboid, one must be convex from 
side to side, the other concave (fig. 43S). 

The Talo -navicular Joint is function- 
ally part of the transverse tarsal joint. 
It also functions with the anterior talo- 
calcanean joint; it shares a common syno- 
vial cavity with it; and the two are 
referred to collectively as the talo- 
calcaneo-navicular joint. It is an essen- , 
tial part of the mechanism of inversion 
and eversion. 

On the dorsum of the foot a weak band of 
fibers, the dorsal talu-navicular ligament, 
stretches from the neck of tlie talus to the 
navicular. Cut througli it and thereby open 
into the talo-navicular joint Tlnm, turning 
to the lateral aspect of the foot cut across (he 
cord -like calcaneo-fibular, the slender lateral 
talo-calcanean, and the bandlike interosseous 
talo-calcancan ligaments. This leaves the 
talus attached to the leg bones, and the deltoid 
ligament remains intact. Onhending medially 
the foot so-treated, the e.xtensive socket for the 
whole articular part of the head of the talus is 
exposed. 

•* 

The socket is formed in front by the 
posterior surface of the navicular (talo- 
navicular joint) ; posteriorly, by the mid- 
dle and anterior calcanean facets (anterior 
talo-caloanean joint); and, between the 
under surfa^ of the navicular and the 
sustentaculum tali by the plantar cal- 
caneo-navicular ligament ^ commonly called 


“the spring ligament'^ (fig. 503). The 
spring ligament is continuous medially 
with the deltoid ligament, which suspends 
it from the tibial malleolus. It is 
sandwiched between the Tibialis Pos- 
terior, which supports it below, and the 
head of the talus which lies above it, and 
which in turn it supports. Where it is 
compressed between the tendon and the 
bone, it is fibro-cartilaginous; but its at- 
tachments remain pliable and ligamen- 
tous, like those of the semilunar fibro- 
cartilages of the knee. The deltoid 
ligament completes the capsule medially, 
the interosseous talo-calcanean ligament 



Tig. .50^1. The spring ligament. The arrow 
indicates the position of the FI. Hallucis 
Longus tendon. 

[XKsteriorly, and the calcaneo-navicular 
part of the bifurcate ligament laterally. 

The Bifurcate Ligament is attaclied 
posteriorly to the front of the upper sur- 
face of the calcaneum. The medial fibers 
(calcaneo-navicular band) of this V- 
shaped ligament pass forwards to the 
lateral surface of the navicular bone ; the 
lateral libers (medial calcaneo-cuboid 
band) pass to the medial surface of the 
cuboid bone. Thus the two bands form 
collateral ligaments for the respective 
joints. 

The portion of the head of the talus 
that rests upon the ‘‘spring ligament” 
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is at the summit of the medial arch of the 
foot (fig, 448)- If the Tibialis Posterior 
becomes weak or paralyzed, the ''spring 
ligament”, having an undue strain to 
bear, stretches, and the head of the talus, 
like the apex of a wedge, descends forcing 
the anterior portion of the loot down- 
wards and also laterally, a condition 
known as flat foot. 

The Calcaneo -cuboid Joint is an ac- 
cessory joint of inversion and eversion. 
Medially, it is bounded by the calcaneo- 
cuboid band of the bifurcate ligament; 
dorso-laterally, by an indifferently weak 
band, the lateral calcaneo-cuboid ligament. 
Cut through these in order to see that the 
anterior surface of the calcancum is 
rounded off medially (i.e., convex) ; that 
the posterior surface of the cuboid is con- 
cave from side to.side, thus allowing of in- 
version; and that a process (the calcanean 
angle) projects from the lower and medial 
part of the cuboid backwards below the 
calcancum. The upward thrust given by 
the Peroneus Longus to the cuboid is 
transmitted by this angle to the cal- 
caneum. The joint is closed below 
by two ligaments, the long and short 
plantar ligaments. 

The Long Plantar Ligament (Jig. 0 O 4 ) 
is attached posteriorly to the plantar 
surface of the calcancum in front of its 
medial and lateral tubercles, .interiorly, 
its deep fibers gain attachment to the 
ridge on the cuboid, but its more super- 
ficial fibers pass beyond this and gain 
attachment to the bases of (2), 3, 4, (5) 
metatarsals (fig, o04)- Incidentally, it 
converts the groove for the Peroneus 
Ijongus into a tunnel. The long plantar 
ligament is obviously a tie that stretches 
across the calcaneo-cuboid and cubo- 
metatarsal joints of the lateral arch of 
the foot. 

The Short Plantar Ligament (plantar 
calcaneo-cuboid lig.) is fan-shaped, and 


is not completely exposed till the band- 
like long plantar ligament is reflected. 
It stretches from the anterior tubercle of 
the calcaneum (and the area in front of 
it) to the large area behind the ridge on 
the cuboid. It belongs solely to the 
calcaneo-cuboid joint and has, therefore, 
a shorter span than the long plantar lig- 
ament. 

Note. Although the plantar Jigament 
of the transverse tarsal joint has been 
described as having two parts, viz., 
plantar calcaneo-cuboid and plantar cal- 
caneo-navicular, they function as one, 



Fig. 504. Three plantar ligaments, and the 
two tendons that form a stirrup. 

and they form an almost continuous thick 
sheet of parallel fibers that run forwards 
and medially from the calcaneum to thp 
cuboid and navicular respectively. 

The Joints of the Foot Distal to the 
Midtarsal Joint. These include, five 
series of joints: the small intertarsal, 
tarso-meta tarsal, inter-metatarsal, meta- 
tarso-phalangeal, and inter-phalangeal 
joints. 

The Metatar so-phalangeal and Inter- 
phalangeal Joints are fashioned and sup- 
plied with ligaments like the correspond- 
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ing joints of the hand, the metatarso- 
phalangeal joint of the great toe with its 
two sesamoids being the moat important 
of them. The ligaments of the metatarsal 
heads (deep transverse ligaments) ex- 
tends to the hallux; in the hand the cor- 
responding ligaments leave the pollex 
free. 

The Small Jntertarsal Joints (i.e., be- 
tween cyboid, navicular, and cuneiforms), 
the Tarso-metatarsal Joinis^ and the 
joints between the Bases of the Meta-- 
tarsals may profitably be considered to- 
gether under thd headings: (a) the side- 
to-side joints, and, (b) the end-to-end 
joints. 



Fig. 505. The ligaments or tics of the ^^sicle 
to side” joints. Note that the cuboid sup- 
ports the cuneiforms and the navicular. 

The Sioe-to-Side Joints or con- 
cerned in the transverse spring or arch 
of the foot have strong plantnr liqarnents 
which act as 1 ransv(M’s<.' iit*s {fup JO.o). 
These ties are not lirnired to the plantar 
aspect but, as mteros.sfons liqamcnls, (ex- 
tend dorsal wards ):)et\veen the individual 
bones, being absent only between tlie 
bases of metatarsals I and 11. The ar- 
ticular facets are generall}'’ sitiui,ted near 
the dorsal part of the surface, where liga- 
ments would have least value. The 
dorsal Ugamerds are weak. This con- 
struction is obviously mechanically ideal. 
The facets are flat and, so, allow of slight 
gliding mo^iBments. The navicqlar and 
cuneiforms arc partly supported by the 
cuboid. The arch depends largely on the 


crossed insertions of the Tibialis Posto- 
tcrior and Peroneous Longus for its 
maintenance (Jig. 4^7) and on the Ad- 
ductor Ilallucis Obliquus. 

The End-to-End Joints or those 
concerned in the longitudinal springs 
or arches of the foot. Observe that the 
opposed anterior and posterior surfaces 
of all the bones of the foot are completely 
covered with cartilage, and that the joints, 
accordingly, do not possess interosseous 
ligaments (fig. 445). They have, how- 
ever, strong plantar ligaments, weak dorsal 
ligaments, and in some instances, col- 
lateral ligaments (fig. 506). The side-to- 
side facets are commonly continuous with 
the end-to-end facets. 

The Lateral Longitudinal Arch or 
spring is formed by the calcaneiim, 



Fig. sOO. The collateral ligament of an 
”cnd to end” joint. 

cuboid, metatarsals IV and V (and their 
phalanges). It i.s a small arc of a large 
circle; that is to say, the arch is low 
(fig- 44^)- Id the act of walking it 
commonly bears tlie weight of the body 
lieforc tlie medial arch comes into play. 
It can yield or flatten at the hinge sur- 
faces betw cell the cuboid and metatarsals 
and V. The Peroneus Longus passes 
under the cuboid at the summit of the 
arch, which is near its midpoint, and acts 
as a sling for it, and the upward thrust 
it gives to the cuboid is transmitted to the 
calcaneum by the calcanean angle of the 
cuboid. 

The ties of the arch are especially : the 
short and long plantar ligaments, the 
plantar aponeurosis, the lateral cord of 
the plantar fascia, the Abductor Digiti 
V, and the F. Digitorum Longus. 



THK LOWER LIMB 


483 


The Medial Longitudinal Arch or 

spring is formed by the calcaneiim; talus, 
navicular, 3 cuneiforms, 3 medial meta- 
tarsals (and their phalanges), and the 
sesamoid bones. It is a large arc of a 
small circle; that is to say, the arch is 
high. At its summit, placed at the 
junction of its posterior one-third with 
its anterior two-thirds, lies the head 
of the talus with the sustentaculum tali 
behind it and the navicular in front. 
The Tibialis Posterior is largely (§) in- 
serted into the tuberosity of the navicular 
bone, but the part (J) that passes below 
the spring ligament acts as a sling for 
the arch. At the hinge surfaces between 
the talus and the navicular and also 
between the navicular and the three 
cuneiforms, the spring or arch can flatten 
and recoil.^ 

The ties of the arch are especially: the 
spring (plantar calcaneonavicular) liga- 
ment, the plantar aponeurosis, the short 
muscles of the big toe, the Tibialis Poste- 
rior, and the Flexor Ilallicus Longus. 

The plantar aponeurosis, the Flexor 
Digitorum Brevis, and the Flexor Digi- 
torum Longus are common to both 
arches. 

The insertions of the Tibialis Posterior 
and Peroneus Longus require special 
note. The fasciculi of the Tibialis Pos- 
terior spread out like the fingers of an 
outstretched hand to grasp practically 
every tarsal and metatarsal bone in 
front of the mid-tarsal joint, and some 
of them become detached or segmented 
to form plantar ligaments. The Per- 
oneus Longus crosses the fasciculi of the 
Tibialis Posterior X-wise to be inserted 
into the adjacent parts of the first cunei- 
form and first metatarsal. The com- 
bined effort of these two muscles largely 

^ Examination of the dried bones does not 
reveal this; they must be examined fresh, with 
the cartilage on. 


creates the transverse arch and helps to 
support the longitudinal arches. 

The Ligaments of the Fore-part of 
the Foot. These are not scattered hap- 
hazard, as might at first sight appear, 
but are so disposed as to resist certain 
tractions and pulsions. Accordingly (1) 
the dorsal, interosseous, and plantar 
ligaments between any two, bones, having 
a common piirpo.se, have a (jommon 
direction; further, from figure 507 it 
may be noted that (2) the ligamentous 


MED. SPRING 



Fig. 507. The dorsal ligaments of the foot 
are not scattered haphazard (see text). 

bands uniting the individual bones of 
the lateral spring to each other and to 
the bones of the medial spring, all — or 
practically all — take a common direc- 
tion; this is the direction of resistance 
(a]f to the backward pull of the muscles 
inserted into the lateral spring, and (b) 
to backward thrusts applied to 4th and 
5th toes (as in walking and kicking) ; and 
similarly that (3) the ligan^entous bands 
of the medial spring are so directed that 
the backward thrust given to the 1st 
metatarsal (as in rising on the ball of the 
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big toe in walking, and in kicking) is 
dispersed laterally to the 2nd and 3rd 
metatarsals which, therefore, share in 
conducting the thrust via the cuneiforms 
and navicular to the talus and so to the 
tibia. 

Mobility of the Metatarsals. Dorsi- 
PLANTAR Modilitv. Witli One hand 
steady your foot while with the other you 
grasp successively the heads of your 
metatarsals (as you did previously with 
the heads of your metacarpals, p. 137), 
noting that the 5th can be plantarflexed 
and dorsiflexed fieely, the 4th less freely, 
the 3rd, 2nd, and 1st very slightly, if at 
all. By actively plantarflexing your toes 
(comparable to clenehiiig the fist (J/f/. 
219), the same facets an* d(mionsti*ato(l, 
namely, (a) that the two en bo-metatar- 
sal joints are hinge joints and (b) that tlK‘ 
three eimeo-metatarsal joints an* not. 
In fact, any plantarflc'xion or dorsin(‘xion 
involving the 3rd, 2nd, and 1st rm^ta-, 
tarsals takes place almost, entin^ly at, the* 
cuneo-navicular joints and, if iiion* than 
slight, it implies lax ligaments. 

SiDE-TO-SiDE MoniLITY. Witll OIjC 
hand gently press the shafts of your 
metatarsals together, riace the thumb 
of the other hand on the (lor.>uni of your 
foot between the contiguous lu'ads td' two 
metatarsals and placc^ the fihg(a> o|)jH)sit(^ 
it on the sole; tlaai, b>' bringing the 
thumb and fingers together, forcij the 
heads apart, note the (*\terit of separation 
permitted. In most feet the 1st meta- 
tarsal moves appreciably, the 2nd and 
3rd not at all, the 4th slightly, ^,and the 
5th cpnsidcrabl}''; an examination of tiie 
cartilage-covered bases of the metatarsals 
supplies the reovson { fig . y ,/ fo ). 

Standing. Weight Distribution. 
On previous ^ pages the foot has been 
likened to It^lferipod, to an arch, and to a 
spring; and each of the three similies is a 
useful conception. It has been shown by 


means of a specially designed instrument 
that the body-weight of a person weighing 
say 120 pounds and “standing relaxed in a 
naturally held position” is distributed 
through the feet as follows: 60 pounds is 
distributed through each foot; of this, 
30 pounds is through the hind-part 
(calcancum) and 30 pounds through the 
fore-part, as might be expected since the 
line of gravity passes slightly in front of 
the ankle joint. Now', the fore-part of 
the foot has six points of contact with the 
ground, namely, the two sesamoids under 
the head of the first metatarsal and the 
heads of the lateral four metatarsals, 
each supporting approximately 5 pounds; 
the first metatarsal through its sesamoids 
supports a double load. (D. J. Morton.) 

Since the heads of all the metatarsals 
make contact with the ground, it is 
evident that they do not form an arch 
(the so-called “anterior transverse arch” 
of the foot has no existence), but the 
bases of the metatarsals take part in the 
flK)sterior) traT\s\'erse arch. Inspection 
and mani[)ulation re\'eal that an almost 
ideulical condition obtains in the hand. 

If the ])osture of the body is not erect, 
but forwnrdly inclined or stooping, the 
fore-part of the foot supports an undue 
proportion of the body-weight; and, if 
backwardly inclined, more weight is 
8Uf)port(3d by the heels. In walking, the 
ball of each foot alternately supports the 
total body- weight which, of course, is 
four times the weight it supports in stand- 
ing. 

If, in walking, the feet are turned out 
at more than 30° to 40° from each other, 
the head of the talus tends to bear down 
on the spring ligament, forcing the fore- 
part of the foot into abduction. 

If the ligaments at the base of a meta- 
tarsal are lax, that metatarsal, being 
mobile, will largely cease to be a weight- 
distributing bone. 
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Arch Support. It has long been the 
teaching that muscles are all important 
for the support of the arches of the foot 
and that ligaments here, as elsewhere, if 
submitted to strain will stretch and so 
lose their virtue. It would appear that 
this view must be revised. R. L. Jones 
working with foot-and-leg specimens dis- 
articulated at the knee and with appara- 
tus designed to apply varying loads 
vertically on the tibia of this experimental 
leg, to apply tensions to the long tendons 
of the foot, and to register results, has 
calculated : 

(1) that the three deep posterior tibial 
muscles (Tibialis Posterior, FI. Digitorum 
Longus, and FI. Hallucis Longus) and the 
Peroneus Longus are relatively unim- 
portant as plantar flexors of the ankle 
joint and could not\ account for more than 
5% of the pressure produced at the ball 
of the foot on plantar flexion. 

(2) that of the total tension stress of 
the longitudinal arch of the foot, not 
more than 15% to 20% is borne by the 
three deep posterior tibial muscles and 
the Peroneus Longus. 

(3) that the greater part of the stress 
is borne by the plantar ligaments and 
plantar aponeurosis, and that the short 
plantar muscles also contribute. 

(4) that the chief function of the 
invertor and evertor muscles is to preserve 
a relative constancy in the ratio of the 
w'eight distribution amongst the heads 
of the metatarsals. 

(5) that the Peroneus Longus is more 
than four times as efficient in producing 
a shift of pressure from the lateral me'ta; 
tarsal heads to the first metataAal head 
as the Tibialis Posterior or •FI. Digitorum 
Longus are in producing a shift from the 
first metatarsal head to the lateral heads. 

(6) that lateral inclination of the tibia 
(as- in knoclc-knee) shifts the weight 
towards the first metatarsal, and that 


medial inclination (as in bow-legs) shifts 
it towards the lateral metatarsals. 

(7) that in walking, the Tibialis An- 
terior is relaxed and does not support the 
arch while the weight of the body is on 
the ball of the foot. In fact, it plays no 
part in arch support. 

(8) that in walking, the Tibialis Pos- 
terior and Peroneus Longus are relaxed so 
long as the heel and the ball of the foot 
are on the ground ; and that they contract 
(but not maximally) as soon as the ball 
of the foot assumes the total weight of 
the body. This they do klightly in order 
to support the arch but mainly to serve 
the functions of invertors and evertors. 

(9) that failure of the arch is related 
to the duration of the stress to which it 
is subjected rather than to the severity 
of the stress ; e.g., athletes and those who 
walk much subject their arches to great 
stresses intermittently ; whereas those 
who stand immobile subject their arches 
to relatively continuous stress, and it is 
these latter who develop arch trouble. 

Walking. In the act of walking, first 
the heel is placed on the ground, then the 
ball of the little toe, followed by the balls 
of the 4th, 3rd, 2nd and finally of the big 
toe. As one next steps off with the other 
foot, first the heel leaves the ground, and, 
as it rises, the hinge movement of dorsi- 
flexion takes place at the metatarso- 
phalangeal joints (fiff. 4^4) j the toes in 
the meantime remaining firmly applied to 
the ground. Finally, as the ball of the 
big toe leaves the ground, the heel of the 
opposite foot is making contact with the 
groTiud. 

Function of the Toes. In man the toes 
are not used for prehensile purposes; their 
function is to press into the ground and 
there to form a friction surface during the 
act of walking. They afford a purchase 
for the forward thrust of the body at 
each step. If there were no toes, when 
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the heel loft i ho ground one would rise on 
the uneven and unsteadicd heads of the 
metatarsals. 

Mitsclcs. The Gastrocnemius and 
Solous raiisc the heel from the ground. 
The Flexoros Halliicis Longus ct Brevis 
support the weight of the body at the 
big too. The two Tibia Jos a7id the three 



Fig. 50S. (A) Tracing of a radiogram and an 
accompanying print of a normal right foot 
made by walking on a corrugattid mat. (B) 
Tracing, and a print of a loft foot with a short 
first metatarsal bone. (After Morton.) 

Poronei steady the joints of the foot and 
imkle and prevent inversion anti eve^^ion, 
much as ropes steady the rudder of a 
boat. 

When the foot is off the ground, the ab- 
ductors of the hip (Glutei Medius et 
Minimus^ and Tensor Fasciae Latae) 
prevent %lduction of the body, i.e., 
prevent it from lurching to the opposite 
or unsupported side, and the medial 


rotators of the hip (the same three 
muscles) rotate the opposite side of the 
pelvis forwards, thereby lengthening the 
stride. 

Wc/ff/il Distrihalion, In walking, the 
head of each metatarsal has a weight- 
bearing contact with the ground ; as 
shown by figure ^508 A which is tfie print 
of a normal foot- made by walking on 
‘'a ruljber mat with compressible corru- 
gations. The mat was covered with an 
inked fabric, a layer of paper, and finally 
a strip of cloth to hold the others in 
position’’. The di.stribution of the pres- 
sure in the feet is registered by the width 
of the corrugations printed on the paper. 
Contrast this with figure 508 B, which is 
file print of a foot whose 1st metatarsal 
was short — a common atavism — ^with the 
result that the 2nd .metatarsal had to 
carry more than its normal share of the 
load. This accounts for the increased 
thickness and dense shadow of the 2nd 
metatarsal in the radiogram, and for the 
width of the corrugations under the head 
of the 2nd metatarsal in the print. (D. 
J. Morton.) 

Progression. In walking, the toes 
should be pointed nearly directly for- 
wards in the line of progression, their po- 
sition being controlled by the rotators of 
the hip joint. If turned considerably 
outwards, so that the medial side of the 
foot is directed forwards, in the line of 
progression, then the foot will tend to 
become everted at the talo-calcanean 
joint.s, the talus to be pressed against the 
fibular malleolus, the fore-part of the 
foot to be abducted (everted) at the mid- 
tarsal joint, and the head of the talus to 
de.scend. 

THE BONES OF THE HAND AND 
FOOT COMPARED 

The Pentadactyl Hand and Foot ' The 
limbs of amphibia are evolved from fins 
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to be used as paddles in the water and as 
legs on the land. And, having the same 
function, all four limbs are built to the 
same design. Hence, we may speak of 
homologous parts of the upper and 
lower, or fore and hind, limbs. 

The bones of the hand and foot of man, 
when compared with those of the water- 
turtle, are seen to retain the primitive 
generalized plan. The turtle has three 
proximal carpal and tarsal bones, the 
middle being the os intermedium^ five 
distal carpal and tarsal bones, and several 
central bones, ossa centraliaj on which 
the distal carpals and tarsals pivot (fig. 
509). In man the preaxial bones (radius 
and tibia) become weight-bearing bones; 
the post-axial bones (ulna and fibula) 
cease to articulate with the triquetrum 
or calcaneum. The os intermedium be- 
comes the lunate or posterior tubercle of 
the talus; the 4th and 5th distal bones 
fuse to form the hamatum or cuboid. 
One os centrale persists as an entity in 
most primates; in man it fuses with the 
dorsum of the scaphoid of the hand and 
becomes the navicular of the foot. The 
pisiform bone in man is perhaps derived 
from one of the ossa centralia, or it may 
be a sesamoid developed in the tendon 
of the Flexor Carpi Ulnaris and homol- 
ogous with the epiphysis of the cal- 
caneum, or possibly it is a vestigial extra 
digit. 

The foot of man was no doubt at one 
time a prehensile organ like his hand and 
like the foot of primates in general, who 
have a short opposable big toe and no 
arch. The base of the 1st metatarsal 
retains evidence of its former freedom: 
(a) in not articulating with the second 
metatarsal base, (b) in not being bound 
to it with ligaments, and (c) in having the 
form of a lateral hinge joint. The re- 
maining tarso-metatarsal surfaces closely 
resemble the corresponding carpo-meta- 


carpal surfaces, thus: (a) the lateral four 
bones (metatarsals and metacarpals) ar- 
ticulate with each other by an almost 
identical arrangement of facets and are 
united by dorsal, plantar, and inter- 
osseous ligaments; (b) the 2nd and 3rd 
metatarsals and metacarpals are im- 
mobile, the 2nd because it is morticed 
between the three small bones (tarsals 
or carpals) with which it articulatjps, the 
3rd because of its expansive plane base; 
(c) the 4th and 5th metatarsals and 
metacarpals are mobile, the joints at their 
bases being hinge joints.* The base of 
the 4th is quadrangular and articulates 
with two tarsals or carpals, the base of 
the 5th is roughly triangular and has a 
tubercle or tuberosity on its nonarticular 
side. The base of the 1st metatarsal is 
kidney-shaped. 

With the loss of prehensile power the 
phalanges of the foot dwindle, those of 
the middle and ungual rows becoming 
nodular, and in the case of the little toe 
commonly fusing. In adaptation to 
walking, the tarsal bones enlarge; this 
is especially true of the hinder two. 
The metatarsal bones arc compressed 
from side to side and elongated. The 
2nd metatarsal outstrips the middle 
metatarsal in length and projects beyond 
it. The 2nd toe is, therefore, the longest 
toe though the 1st or hallux may equal 
or exceed it owing to the length of its 
phalanges. All three bones of the hallux 
are exceptionally stout. In man a me- 
dial arch develops and the elongated 
hallux coupes into line with the medial 
bordter of the fix)t; and when the child 
walks the neck of the talus straightens 
and the navicular, 1st cuneiform, and 
medial border of the foot lengthen. 

Ossification. X-ray photographs 
show that no carpal bone has begun to 
ossify at the time of birth,* save occa- 
sionally the capitate and hamate in the 
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female; but the calcaneum, talus, and sesamoid bone developed in the tendon 
cuboid of the tarsus are well ossified. The of the Flexor Carpi Ulnaris, the distal 
order of ossification is different in the part of the tendon being the piso-meta- 
carpus and tarsus. In the carpus the carpal ligament, and it begins to ossify 
sequence is spiral from capitate to about the 12th year. Perhaps it is 
hamate, triquetrum, lunate, scaphoid, homologous with the epiphysis of the 
trapezium (greater multangular), and calcaneum, which (like the sesamoids 
trapezoid (Jesser multangular), and pisi- below the head of the 1st metatarsal 
form {fy, 128). In the tarsus it is irregu- also) begins to ossify about the 11th 



Fig. 509. Homologies in the bones of the hand and foot. 


lar from calcaneum to talus, cuboid, 3rd, year. It may be regarded as a sesamoid 
1st, 2nd cuneiform, navicular, epiphysis developed in the tendo Achillis which 
of .calcaneum. The calcaneum is* the fuses with the calcaneum, the distal part 
only tarsal or carpal bone that regularly of this tendon being the long plantar 
has an epiphysis. The epiphysis in- ligament. 

eludes its entire posterior surface and its The metacarpals, metatarsals, and 
medial and lateral tubercles. It appears phalanges are long bones, and each has 
about iiK^ nth year and fuses about the a primary center for the body, which 
17th year. Whatever the origin of the appears about the 3rd fetal month (later 
pisiform bone may be, it behaves as a in the case of the phalanges of the foot) 
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and a secondary pressure epiphysis for 
the bases of the 1st metacarpal, 1st 
metatarsal, and all the phalanges, and 
for the heads of the 2nd-5th metacarpals 
and metatarsals. These appear about 
the 3rd year and fuse about the 18th 
year (fig. 127). 

The metacarpal of the thumb and the 
metatarsal of the great toe ossify, there- 
fore, like phalanges. This gives rise to 
the view that phylogenetictall}'", they arc 
phalanges ; that the trapezium and medial 
cuneiform are vestigial metacarpals and 
metatarsals respectively, and that the 
first distal carpal and tarsal are repre- 
sented by the ossicles occasionally found 
at the base of the 1st metacarpal and 
metatarsal. On the other hand, it may 
be that the middle phalanx, which is the 
last of the three phalanges to ossify, has 
dropped out from the pollex and hallux. 
It is not rare for ot)iphyses to occur at the 
head of the 1st metacarpal and at the 
base of the 2nd metacarpal. 

Supernumerary Ossicles. A dozen or 
so have been described in both foot and 
hand. They arc liable to be mistaken for 
fractures. 

In tlif Foot the commonest ossicles are: 
(1) The os irigonum or separate posterior 


tubercle of the talus (Jig. 510). Morpho- 
logically it is an ununited os intermedium. 
(2) The tibiak externum or separate 
navicular tuberosity. (3) A bipartik 
medial cuneiform, in upper and lower 
halves. (4) Of historical interest, though 
rare, is the os Vesalianum or ununited 
tuberosity of metatarsal V, described by 
Vesalius. (5) A fibro-cartilaginous nod- 



Fig. 510. Os trigonum: a condition which is 
commonly bilateral. 

ule in the Peroneus Longus tendon latera 
to the cuboid is common and frequently 
it is ossified. 

In the Hand: (1) An os cenlrak which 
remains discrete instead of joining the 
scaphoid. (2) A bipartite scaphoid. (3) 
A radiate externum or separate scaphoid 
tubercle. (4) A separate styloid proc- 
ess for metacarpal III. 
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The thorax, is the region between the 
diaphragm and the neck. It contains 
the heart and lungs; it is traversed by 
stnjctures that pass from the nock to the 
abdomen; by expanding and contracting 
like bellows, it Iterates the blood circu- 
lating in the lungs. 

THE BONY THORAX 

The thoracic cavity is the large.st of 
Lhe three great bony cavities — cranial, 
thoracic, and pelvic. lOach of these, in 
addition to offering protection to the im- 
portant vi.scus or viscera it contains, has 
diverse functions to perform, so cacl^ 
differs markedly from the other two 
in shape and construction. The_ bony 
thorax compri.ses: 12 vertebrae, 12 pairs 
of costae (ribs and costal cartilages) and 
1 sternum. 

The Upper Aperture of the Thorax i'. 
formed by the body of the J.st thoracic 
vertebra, the 1st ribs, 1st costal cartilages, 
and the intensely thick upper border of 
the manubrium sterni. It is like a kidney 
in shape, the body of the 1st thoracic 
vertebra representing the hilum; and 
like a kidney in size, its diameters vary- 
ing from two by four inches to two and 
a half by five inches {Jig. o{()). 

The Lower Aperture of the Thorai; is 
formed by the lower six costal cartilages 
and the 12th rib on each side, the xiphoid 
process in front, and the body of the 12th 
thoracic vertebra behind. It is cut away 
like a mugliing coat. The 10th rib is the 
lowest rib seen from the front. The 11th 
rib is much longer than the 12th rib and 


reaches to within two or three 'fingers 
breadth of the iliac crest. 

The Cavity of the Thorax also is kidney- 
shaped on transverse section (fig. 511). 
This is due to the fact that the ribs are 
carried backwards beyond the vertebral 
bodies almost as far as the tips of the 
spinous processes, where they bend to 
form angles. The transverse processes, 
which in this region act as buttresses for 
the ri))s, are tilted backwards to allow of 
this. In consequence, the antero-pos- 
terior diameter of the thorax is least in 



MAN QUADRUPED 

Kig. .511. Tr.ansverse section of thorax. 

the median sagittal plane and greatest in 
a lateral sagittal plane passing through 
the angles of the ribs. When one con- 
siders 'that the dome of the diaphragm 
rises to the level of the fifth or sixth rib, 
it becomes apparent that the bony tho- 
rax affords protection not only to the 
heart and lungs, but also to the upper 
abdominal vi.scera — notably the liver, 
stomach, and spleen. 

In the Quadruped the thorax is sus- 
pended between the forelimbs by the 
Serrati Anteriores and Pectorales; so, it is 
compressed from side to side. It is 
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heart-shaped on transverse section, the 
greatest sagittal diameter being in the 
median plane (j^^. 511), The ribs have 
no angles. In the child at birth the chest 
is nearly circular. In the adult female it 
is slightly rounder than in the adult male. 

The antero-posterior flattening of the 
thorax, the backward curvature of the 
ribs, the dorsal position of the scapula, 
and the broadening of the sternum are 
associated with man's upright posture 
(Jig. 



Fig. 512. Thoracic vertebrae, on side view, 
showing migration cranialwards of rib facets, 
and the incTinatioos of the spinous processes. 

The Thoracic Vertebrae. The thoracic 
vertebrae have certain peculiarities and 
distinguishing features (fig, 512), the chief 
of which are these: 

The Body of every thoracic or rib bear- 
ing vertebra had primitively, far back on 
its sides, a pair of facets for the heads of ks 
own pair of ribs (i.e., the ribs that cor- 
respond numerically with it). In the 
case of vertebrae (1, 10), 11 and 12, these 
costal facets are large excavations. 
Owing to the fact that during develop- 
ment the remaining rib heads (2-9) have 
migrated cranialwards and have come to 


encroach on the bodies of the vertebrae 
numerically next above them, vertebrae 
2-8 possess a superior and an inferior 
demifacet on each side. The first verte- 
bra has generally a full superior facet 
and an inferior demifacet on each side; 
vertebra 9 has superior demifacets and 
usually inferior demifacets also, because 
rib 10 usually encroaches on it. The 
superior demifacets being, as it Were, the 
primitive facets, are generally larger than 
the inferior ones. The costal facets of 
vertebrae (10), 11 and 12 are largely 
on the pedicles. 

The bodies in the middle of the thoracic 
series are heart-shaped and are longer from 
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Fig. 513. A typical thoracic vertebra, side 
view. 

before backwards than from side to side. 
Each body is deeper behind than in front 
and so contributes to making the thoracic 
portion of the vertebral column con- 
cave forwards {fig. 513). The upper and 
lower surfaces are flat, and the surface 
areas increase progressively from the first 
to the last, as might be expected. Verte- 
bra 3 is narrow from side to side. ' The 
left sides of the bodies of vertebrae 5, 6, 
and 7 are commonly flattened by the 
aorta. 

The Transverse Processes act as but- 
tresses or fulcra for the ribs, and accord- 
ingly are strong and stout. They are 
directed, not laterally, but postero-later- 
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ally in conformity with the backward 
sweep of the ribs in man, who walks erect. 
On their tips are facets for the tubercles 
of the tibs. For reasons given on page 
498, these are concave and in front of 
the tips of the lst~7th transv'crse proc- 
esses; flat and above the tips of the 8th, 
9th, anti lOth transverse processes; and 
absent from -the Jlth and 12th. The 
transverse processes become progressively 
shorter from the 1st to the 12th. The 
11th and 12th are reduced and rudimen- 
tary, and do not act as fulcra for the 
floating ribs, 'the 12th is subdivided 
into three tubercles corresponding to the 
mamillary, accessory, and ‘‘transverse’' 
processes of a lumbar vertebra. 



Fig. 511. The thoracic articular processes 
are set on an arc so they permit rotation. The 
transverse processes support ribs so they have 
facets and are stout. 

The Spinous Processes or Spines. Of 
the twelve thoracic spinous processes four 
lie above the level of the pericardium, 
four behind it, and four below it (Jig. 

The spines of those behind it (5th, 
6th, 7th, and 8th) are almost vertical, 
and in consequence their tips lie at the 
level of the body of the vertebra imme- 
diatelj'' below. Those of the » first two 
and last two (1st, 2nd, and 11th, 1 2th) 
are almost horizontal. Those of the suc- 
ceeding and preceding two (3rd, 4th, and 
9th, lOth) are somewhat oblique. 

The Articular Processes are set almost 
vertical!^ on the arc of a circle whose 
center is situated near the front of the 
body (fig. 514)- This decides that such 


movements as take place between adja- 
cent thoracic vertebrae shall be mainly 
rotary. The facets on the superior ar- 
ticular processes face postero-laterally 
the facets on the inferior articular proc- 
esses face antero-mediall.y. 

Thougli the number of thoracic verte- 
brae eciuais that of the cervical and lum- 
bar combined, the thickness of the tho- 
racic intervertebral discs is relatively less 
than in either of the two other regions; 
so, the range of movement is limited. 



The Vertebral Foramen. Because of 
this restriction of movement and because 
the thoracic portion of the spinal cord 
has no enlargement but is circular on 
transverse section, the vertebral foramen 
is not required to be capacious: it is 
small and circular; you can hardly pass 
a finger through it (fg. 616). The cervi- 
cal enlargement of the cord extends down 
to the 2nd Th. vertebra, and the lumbar 
enlargement begins at the 10th Th. verte- 
bra. Accordingly, the vertebral canal in 
the upper two and lower two (or three) 
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thoracic vertebrae is somewhat triangu- 
lar, as in the cervical and lumbar regions' 

The inferior vertebral notches are 
large; the superior ones are absent. 

As the thoracic vertebrae are followed 
from the middle of the series cranio-cau- 
dally, they arc found gradually to assume 
the characteristics of cervi(ail and lumbar 
vertebrae respectively. Thus : 

The upper half of the first thoracic verte- 
bra conforms to tiu* (cervical in the follow- 
ing respects: (a) The body has upturned 
sides and back -it is not flat, (h) The 
superior articular processes face j)Ostero- 
superiorly rather than posti'ro-laterally. 
(c) A superior vertebi’al notch is pres- 
ent- not absent. (d) "bhe vei-tebral 
foramen is triangular not circular. 

The lower half of the Iasi thoracic verte- 
bra conforms to the lumbar in the' follow- 
ing respects: (a) The body is reniform. 
(b) Thfi inferior articular processes face 
laterally, (c) The vertebral foramen is 
triangular, (d) The transverse proces- 
ses carry accessory and mamillary 
processes. 

The Sternum. The sternum or breast 
bone, likened to a broad-sword, is com- 
posed of 3 parts : 

1. Manubrium sterni or handle. 

2. Corpus sterni or body. 

3. Xiphoid process or point. 

The Manubrium ISterni. Three fea- 
tures of its upper end are noticeable in 
the living: (1) the very thick concave 
upper border called the suprasternal (jug- 
ular) notch, much^ deepened by : (2) the 
sternal ends of the clavicles, which are 
too large for the notches provided for 
them at the supero-lateral angles; and, 
(3) the flat tendons of the sternal heads 
of the Sternocleido-mastoids which cross 
the stemo-clavicular joints to be attached 
just caudal to them. To render the ten- 
dons more prominent, drop your head 


and press your forehead against your 
resisting hand. 

On the side of the manubrium, inrnie- 
diately below the clavicular notch, there 
is an area for the first costal cartilage. 
^The 1st ribs, their cartilages, and the 
manubrium constitute a unity an ensemble, 
owing to the fact that the cartilages are 
attached to the manubrium in precisely 
the same manner as they are attached to 
their ribs — without a cavity and without 
ligamentous connections, that is to say 


5upraster»».aL 
n-otc K 



Fig. .516. The iinlerior surface of the 
sterriiun. • The broken lines indicate the 
origins of the P(‘ctoralos Majores. 


they form two much elongated syn- 
chrondroses {fig. olG). 

The mprasternal or jugular notch is one 
of the landmarks employed in deter- 
mining the transpjdoric plane. The left 
innominate vein on the left and the in- 
noCainate artery on the right commonly 
peep above it. 

The manubrium 

long as 2 vertelJrae. fCs upper border 
lies at the level of the lower border of 
Th. vertebra 2, and is 2 inches from it 
(fig, 617). Its low^er border articulates 
with the body at an angle, the sternal 
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angle of Louis. Traced laterally the 
transverse ridge that indicates the angle 
conducts the palpating fingers to the 2nd 
costal cartilage, the starting point from 
which all ribs are counted. (Fig. 516), 
The Body of the Sternum is composed 
of four pieces or sternebrae, which to- 
gether are slightly more than twice the 
Icngfh of the manubrium. In the adult, 
lines marking the sites of fusion of the 
sternebrae may be seen crossing the 
anterior surface of the body between 
angular depressions on the sides for the 
3rd, 4th, and 5th rib cartilages. The 
2nd rib cartilage articulates in the angu- 
lar interval between bofly and manu- 
brium; the 7th cartilage articulates with 
the lower angle of the body and the front 
of the xiphoid. What of the 6th car- 
tilage? There is a special facet for it on 
the side of the 4th stemebra; hence, the 
crowding of the lower cartilages. 

The medial limits of the Pectorales* 
Majores bear much the same relationship 
to the anterior surface <»f tlio sternum as 
the lines of the reflexion of the pleurae 
bear to the posterior surface. Thus, 
from the sternoclavicular joints they con- 
verge in front of the maiiuluaum (o mef*t 
in the median plane at the sternal angle; 
they run together down the middle of 
the body, and diverge along the fith cos- 
tal cartilages. In man the two muscles 
merely meet in the median plane, but in 
birds a keel or crest projects from the 
sternum in order to afford the powerful 
wing muscles an increased surface of 
origin. This crest is akin to that which 
appears on the sagittal line of the stull 
of the gorilla and of some dogs to afford 
origin to their massive temporal muscles. 
Such a line is not encountered on the 
sterna of airsorial birds, such as the 
ostrich w^hilm cannot fly. 

The Xiphoid Process extends down- 
wards for a variable distance into the 


posterior wall of the sheath of the Rectus 
Abdominis. It is only half as thick as 
the body of the sternum, and its posterior 
surface is flush with the posterior surface 
of the body. The ends of the 7th costal 
cartilages lie in front of it, creating demi- 
facets. The xiphoid lies between the 
ends of the 7th costal cartilages at the 
bottom of the infrastcmal (subcostal) 
angle, where it can be felt. 

The tip of the xiphoid is never se- 
lected as a landmark because it is vari- 



Fig. 517. The bony thorax in median sec- 
tion — levels and lengths. 


able in length and efforts to palpate it 
cause discomfort; so, the sharp easily 
palpated edge of the lower end of the 
body of the sternum called the xiphi- 
sternal joint or junction, is always, pre- 
ferred. 

The Stemo-manubrial Joint plays an 
important part in the mechanism of 
respiration, because it allows the body 
of the sternum to move forwards and 
backwards like a door on a hinge even 
though the manubrium remains still. 
It is a replica of the symphysis pubis, 
and it is similar in structure to the joints 
between the bodies of the vertebrae. 
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The sterno-manubrial joint, the sym- 
physis pubis, and the intervertebral 
joints lie in the median plane. They are 
symphyses; that is, two bony surfaces 
are lined with hyaline cartilage, and 
■united by fibro-cartilage (except in the 
center where, through absorption, a cavity 
may appear), and are covered with fibrous 
membranes. 

Synostosis of the manubrium and body 
of the sternum. (Jf 859 subjects age 20 
to 90 years, synostosis occurred in about 
10% of the negro males and females and 
of the white males; whereas it occurred in 
about 30% (12 out of 42) of the white 
females. No correlation was found be- 
tween the incidence of synostosis and 
age. (Mildred Trotter.) 

The Xiphi-stemal Joint is a sjmchon- 
drosis until middle life when synostosis 
takes place. Bands, the costo-xiphoid 
ligaments^ pass from the 7th cartilages 
to the front of the xiphoid and perhaps 
resist the backward pull of the dia- 
phragm, which is attached to the pos- 
terior surface. It lies at the level of the 
9th vertebral body. 

Cojnmon Anomalies, (a) The lower 
two or three sternebrae commonly ossify 
separately from right and left centers. 
Owing to lack of fusion of these a per- 
foration, suggestive of a bullet wound, 
may appear in an X-ray photograph, and 
in the dried bone (Jig, 518), 

(b) The sterno-manubrial joiht may 
be lacking, its place being taken by a 
joint between the 1st and 2nd sternebrae, 
as in the gibbon. The sternal angle is 
then situated about halfway down the 
sternum. 

Vertebral Levels of the suprasternal 
notch, sternal angle, and xiphisternal 
joint are 2nd, 4th, 8th +. 

Muscles attached to the posterior as- 
pect: Stemo-thyroid, Sterno-hj^oid to 


manubrium, Transversus Thoracis to 
body. Diaphragm to xiphoid. 

Posterior Relations: Pleurae and lungs, 
heart and great vessels, thymus gland. 

Sexual Difference: Characteristically 
-the female sternum lies at a slightly 
lower level than the male. It has a rela- 
tively long manubrium and a relatively 
broad body. 

Ossification: The manubriunf ossifies 
from one or more centers about the 6th 
f. month. The sternebrae and xiphoid 
develop from right and Jeft mesenchymal 
bars, which chondrify and fuse in the 
median plane. The 4 sternebrae, then,^" 



Fig. 518. A porforatcJ sternum, the result 
of faulty ossification. 

ossify from single or bilateral centers. 
Ossification starts — from above down- 
wards about the 6th, 7th, 8th, and 9th f. 
month or later; fusion takes place from 
below upwards about the 15th, 20th and 
25th years. The xiphoid, like the pa- 
tella, starts to ossify about the 3rd year. 
Its synehondrosis becomes a S 3 Tiostosis 
about middle life. 

The Costal Arches. A rib and its 
cartilage constitute a costal arch. Every 
rib articulates posteriorly with the verte- 
bral column, and in all there are twelve 
pairs of ribs. The cartilages of the upper 
seven pairs articulate directly with the 
sternum; hence, they are known as true 
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or verlehro-sternal ribs. The remaining 
five pairs are classified as false ribs: of 
these, the cartilages of three pairs (8th, 
9th, and 10th) articulate with the car- 
tilages oi the ribs immediately above 
them and, so, form a subgroup of verte-* 
bro-choridral rib.s. Their connection with 
the sternum is an indirect one. The 
cartilaginous ertds of the last two pairs 
(11th and I2th) end IxM-wcen the muschis 
of the abdominal wall; luaice, tlie^' form 
a subgrouj) of free, floating or vertebral 
ribs. , 

The sternal ends of the ribs are car- 
i^tilaginous owing to the fact that ossifica- 
* tion, which starts near the angles and 
spreads both forwards and backwards, 
fails to reach the steinal end. 

Ribs arc not. triangular on cross-section 
and therefore rigid like the long l)on(\s of 
the limbs, but an* flattcaied, have a very 
thin outer compact layer, and ai‘e highly 
resilient. 

A Typical Rib (fig. consists of 

the following parts: 

1. Body: Internal and external sur- 
faces; superior and inferior borders; an- 
terior and posterior angles; and a costal 
(subcostal) groove. The posterior \ is 
cylindrical; the anterior J is compressed. 

2. Two Ends: (a) Vertebral head, 
neck, and tubercle, (b) Sternal - pit for 
a costal cartilage. 

With the articulated .'<k(idori before you, 
confirm the following facts, because they 
have an important bearing on the mech- 
anism of respiration. 

1. When the costal arches (l.e., rib 
and cartilage) of the somewhat barrel- 
shaped thorax are examined in situ, the 
rib is seen always to take a downw’ard 
slope; the cartilage generally an upward 
slope (fig, JJO). 

The cartimgcs of the first (1st) and 
of the last two (1 1th and 12th) arches, 
however, continue the downward in- ^ . 


clination of their ribs; that of the 2nd 
is generally horizontal ; the remaining 
cartilages (3rd-10th) are inclined up- 
wards (fig. 516). 

2. The sternal end of the 1st arch 
lies 1*J inches lower than its vertebral end 
(fig. 5S5 ) . 

3. The sternal end of each arch lie^ at 
lower level than the vertebral end. 

4. The middle of each arch lies at a 
lower level than a straight line joining 
its two ends (Jig. 520). 

5. The intercostal spaces are widest 
where rib and cartilage join. 

6. Both ribs and cartilages increase in 
length progresssively from 1st to 7th; the 
seventh rib being the longest of the ribs; 



Fig. r)l!K A typical rib viewed from behind. 

the seventh cartilage the longest of the 
cartilages. 

7. The transverse diameter of the 
thorax increases progressively from Ist- 
8th rib, the eighth rib having the greatest 
lateral projection. 

8. The ribs increase in obliquity 
progressively from lst-9th; the ninth 
rib being the most obliquely placed. 

9. The cartilage of the 10th rib lies 
at the lowest point on the thoracic wall 
visible or palpable from the front, though 
actually the tip of the 11th cartilage may 
be lower. 

10. The anterior ends of the floating 
ribs (11th and 12th), not being subjected 
to terminal pressure, are tapering or 
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pointed, like the tips of the ungual phal- 
anges of the fingers and toes and like the 
tip of ths coccyx. By this feature they 
may be distinguished. 

The Articulations of the Costal Arches. 
In a typical articulation the head of the 
rib articulates with the sides of the bodies 
of two vertebrae; the tubercle of the rib 
articulates with the tip of a transverse 
process; and the costal cartilage articu- 
lates with the sides of two sternebrae. 
The articulations of a typical arch there- 
fore are : 

1. Costo-vertebral articulation : 

(a) Joint of the head of the rib. 

(b) Joint of the tubercle. 

2. Costo-sternal articulation. 



The Heads of the Ribs and Their Ar- 
ticulations. The head of each rib orig- 
inally articulated with the body of its 
own vertebra only; and the heads of 
ribs 11 and 12 still do. But the heads 
of ribs 1-10 shift cranialwards, so that 
ribs 2-9 practically always trespass on the 
vertebra next above; rib 1 does so occa- 
sionally; rib 10 does so usually {fig. 512), 
These beads, adapted to the structures 
with which they are in articulation, are 
wedge-shaped. The lower or caudal sur- 
face of the wedge remains in articulation 
with its own vertebra and is larger than 
the upper or cranial surface, which has 
come to articulate with the vertebra next 
above. The apex of this wedge, known 


as the crest of the head^ is attached to 
the intervertebral disc by a transversely 
placed intra-arlicular ligament. The 
joints of the head have each, therefore, 
two synovial cavities, closed by a capsule 
which is strongest in front where its 
fibers radiate from the anterior margin 
of the head, some horizontally to the 
intervertebral disc, soma upwards to the 
vertebra above, some downwards to its 
own vertebra. The heads of the ribs 
confined to single \'ertebrae, namely ribs 
(1, 10), 11, and 12, are rounded, and do 
not have intra-articuljfr ligaments. 

The Costo -sternal Articulations. Cos|h 
tal arches have been likened to buckei^f^^ 
handles. The two ends of a bucket 
handle are attached to a bucket in iden- 
tical fashion ; and figure 521 indicates that 
the extreme ends of a typical costal 
arch are attached in almost identical 
fashion. Compare, then, the joint of the 
head of a rib with a sterno-costal joint, 
noting that: each end of the arch articu-^ 
lates in a V-shaped socket formed by 
the demifacets of two adjacent sternebrae 
or vertebrae together with the interven- 
ing cartilaginous disc. [The disc be- 
tween two vertebrae is of fibro-cartilage; 
the disc between two sternebrae is of 
hyaline cartilage until synostosis is com- 
pleted by the 25th year. The disc be- 
tween the manubrium and corpus sterni 
is of fibro-cartilage. J Each end of the 
arch is, therefore, roughly wedge-shaped. 
An intra-articular ligament unites the end 
of the costal cartilage or the crest of the 
head to the corresponding disc. The 
joint cavity is thereby divided into two. 
Ligamentous fibers, known as the radiate 
ligament, radiate from the anterior mar- 
gin of each extremity of the arch to two 
sternebrae or vertebrae, as the case may 
be, and to the intervening disc. The 
radiate ligament is but part of the capsule 
that completes the joint. 
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From the foregoing it is clear that by 
substituting the words '^sternebra and 
sternebral” for the words “vertebra and 
vertebrar' a description of the joint of a 
rib head becomes a description of a 
sterno-costal joint — but with these res- 
ervations : The 1st costal cartilage unites 
the first rib to the manubrium in the 
same manner as an epiphyseal cartilage 
unites an epiphysis to a diaphysis. 
Such a junction is a synchondrosis. 
The first ribs, their cartilages, and the 
manubrium form a single unit, which is 
kidney-shaped in* outline. Between the 
five elements of this unit there is no 
movable joint. The 2nd cartilage articu- 



Fig. 521. The articulations of a costal arch: 
coBto-vertebral and costo-sternal compared 

lates between the side of the manubrium 
and 1st sternebra; tlie 7th cartilage 
between the 4th sternebra and the front 
of the xiphoid; the Gtli. cartilage with 
the side of the 4th sternebra. 

By absorption of its intra-articular lig- 
ament a double cavity becomes single; 
by extension of its intra-articular liga- 
ment a joint cavity may be oblitcraled 
and a s^mdesmosis result. Both con- 
ditions commonly occur. 

The Interchondral Articulations. The 
tips of the^artilages of the five pairs of 
false ribs Se not subjected to terminal 
pressure ; so, they are tapering. But the 
upper borders of the cartilages of the 


vertebro-chondral ribs (8th, 9th, and 
10 th) do come into articulation with the 
cartilages next above, and often do so 
by means of upwardly and downwardly 
projecting knobs. Joint cavities are 
present between contiguous knobs and 
ligamentous fibers surround them. The 
7th and 6th and the 6th and 5th cartil- 
ages also commonly possess these 'up- 
ward thrust-transmitting knobs. The 
10th costal arch is often “semifloating — 
its rib not articulating with a transverse 
process, and its cartilage being attached 
to the ninth cartilage by ligamentous 
fibers (syndesmosis). 

The Costo-transverse Articulations. 
The tubercle of a rib articulates with the 
facet at the tip of the transverse process 



Man Bird 

Fig. 522. The tubercle of a rib is a reduced 
head. 

of its own vertebra. The spread of the 
thoracic transverse processes become 
progressively shorter from the first to 
the twelfth; so, the tubercles of the ribs 
become progressively closer. The 11th 
and 12th ribs have no tubercles; so, their 
necks are not defined laterally. The 
tubercle of a rib is morphologically a 
reduced bead. In the bird there are two 
heads {fiq. 522). 

The tubercle of each vertebro-sternal 
rib lies at the back of its rib, is olive- 
shaped, and articulates with a concave 
facet situated on the front of the tip of a 
transverse process. It can rotate. The 
tubercle of each vertebro-chondral rib 
(8th, 9th, and 10th) lies near the lower 
border of its rib, is flat, obliquely set, 
and articulates with a similar facet on the 
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upper border of the tip of a transverse 
process. It can slide. 

A rib is united to the transverse process 
with which it numerically corresponds by 
ligamentous fibers so-directed as to per- 
mit the rib to glide medially. This 
union is divided into a medial and a 
lateral part by the joint cavity between 
the tubercle and the tip of the transverse 
process (Jig, The medial fibers pass 

between the front of the transverse proc- 
ess and the back of the neck (lig. of the 
neck) and occupy the space which in a 
cervical vertebra is traversed by the 
vertebral artery. The lateral fibers pass 
between the tip of the transverse process 
and the most lateral part of the tubercle 
(lig. of the tubercle). Tubercles have, 



Fig. 523. Costo-transverse articulation. 

therefore, a smooth medial articular por- 
tion and a rough lateral ligamentous por- 
tion. Further, from the lower border of 
a transverse process a band of fibers de- 
scends to the upper border of the neck 
of tlie rib next below (anterior costo- 
transverse lig.) often producing a pro- 
nounced flange, the mst of the neck. 
This ligament is continuous laterally with 
a posterior intercostal membrane. 

It is at the medial border of the 
anterior costo-transverse ligaments that 
the intercostal nerves make their en- 
trance into the thorax and that the 
posterior branches of the intercostal 
arteries make their exit. In front of 
these ligaments the intercostal nerves 
and vessels run. 


Angles of the Ribs. Posterior Angles: 
A slight roughness, caused by the fibrous 
insertion of the Ilio-costo-cervicalis (the 
most lateral of the deep muscles of the 
back) is to be seen at the most back- 
wardly projecting part of the outer sur- 
face of the ribs (Jig. 63o). Anterior to 
this the ribs are twisted downwards, for- 
wards, and medially. Since the deep 
muscles of the back diminish in*bulk as 
they ascend, it follows that the angles 
become progressively nearer the tubercles 
from below upwards tiU the first rib Is 
reached. On the first rib the angle and 
tubercle coincide. Though the first tw6 
and the last tjvo (1st, 2nd, and 11th, 
12th) ribs have rough impressions for the 
Ilio-costo-cervicalis, they are scarcely 
twisted at all and therefore have no 
true angle. 

Anterior Angles: Anterior to the sites of 
attachment of the External Oblique of 
•the Abdomeii to the lower eight ribs 
(about a hand^s breadth from the costal 
margin) the ribs are bent backwards 
and the thorax is flattened. The angles 
and slight roughnesses so-produced are 
best marked on the middle four ribs 
(5, 6, 7, and 8) where the digitations of 
the External Oblique and Serratus An- 
terior interlock. 

Peculiar Ribs. The 1st Rib is a very 
superlative rib, being the highest, short- 
est, strongest, flattest, and most curved 
of all the ribs. The Scalenus Anterior is 
attached to the Scalene tubercle of Lis- 
franc on its outer (upper) surface, and it 
separates* the groove for the subclavian! 
vein in front from the groove for the*sub-j 
clavian artery and lowest trunk of the 
brachial plexus behind. Between the 
latter groove and the tubercle of the rib 
the Scalenus Medius, Levator Costae, 
and first digitation of the Serratus An- 
terior are attached. The fascia, Sibson^s 
fascia, clothing the deep surface of the 
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Scalenes is attached to the sharp upper 
(medial) border of this rib. 

To the outer surface of the Isl costal 
cartilage arc attached : the intra-articular 
fibro-cartilage of the sterno-clavicular 
joint, the costo-clavicular ligament, and 
the Subclavius. 

The 2nd Rib has spreading across the 
middle of its outer surface a large rough 
impression for the Serratus Anterior. 
The Scalenus Posterior is attached be- 
hind this. 

The 10th Rib is a transitional rib, re- 
sembling either tlie 9th or the 11th, thus: 
its head may have 2 demifacets or 1 
facet; its tubercle may ,be articular or 
not; its cartilage may articulate with the 
ninth cartilage, be connected to it by 
ligament, or‘%e floating. 

The 11th and 12th Ribs have large 
round heads, no tubercles, and pointed 
ends. The 11th may have a slight angle 
and a slight costal groove. The 12th* 
is much shorter, and it has neither angle 
nor groove. To its medial half the 
Quadratus Lumborum is attached. 

Deceptions. Students and others 
often relate the 1st and 12th ribs to the 
wrong side of the body. Note that 

(a) The head and neck of the I.^-t rib: 
are turned downwards and not upwards 
like those of the other ribs, (b) The 
anterior or pleural aspect of the necks of 
all (save the highest) ribs look upwards 
as well as forwards. If the 12th rib is 
so-held, the side to which it belongs 
will be obvious. 

Ossification. Like the long bones 
of the limbs and the bodies of the verte- 
brae, the ribs begin to ossify in the 2nd 
fetal month. Ossification begins near 
the angle and spreads in both directions 
but fails to reach the sternal end ; hence, 
the cost^ cartilages. Scale-like epi- 
physes cap the head and tubercle. 
Marrow. The vertebrae, ribs, and 


sternum, together with the diploe of the 
skull are filled with red blood-forming 
marrow. It is here, and not in the limb 
bones, that blood is formed after puberty. 




Variations, (a) Either the 7th cervical 
or 1st lumbar vertebra may carry a rib; 
in either case there are thirteen ribs. 

(b) The sternal end of the 3rd or 4th 
rib and its cartilage are sometimes bifid 
C/Jp. 621,), 

(c) The 12th ribs are commonly so 
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short in the female that there are thought 
to be only eleven pairs of ribs. 

(d) Not infrequently the 8th cartilage 
reaches the sternum on one or both sides ; 
less frequently the 7th cartilage fails to 
reach it. As, therefore, the lowest car- 
tilage to reach the sternum may be either 
the 6th, 7th, or 8th, it is not wise to 
count the ribs from the infrasternal angle. 

(e) The head of the 1st rib commonly 
articulates partly with the disc between 
the last cervical and first thoracic verte- 
brae. 

(f) The 10th rib may have all the 
characters of a vertebro-chondral rib or 
of a vertebral rib; usually it is transi- 
tional. 

THE MECHANISM OF RESPIRATION 

The two phaseg of respiration, inspira- 
tion and expiration^ are brought about 
by the alternate increase and decrease 
in the three dimensions of the thoracic 
cavity. As the dimensions increase, air 
is drawn through the trachea and bronchi 
into the lungs, and blood is sucked into the 
thoracic veins, and thereby the formation 
of a vacuum is avoided. At the same 
time the capillaries in the lung dilate and, 
so, facilitate the pulmonary circulation; 
and any fluid in the neighborhood is en 
couraged into the thorax, c.g., lymph, 
adipose tissue, which is fluid at body 
temperature, the contents of an abscess. 

At birth the ribs are horizontal and are, 
therefore, in the position of full inspira- 
tion; movement either upwards or down- 
wards would be an expiratory act. At 
this age respiration is performed by the 
upward and downward piston-like action 
of the diaphragm and is said to be ofr* 
dEomtnqZ , in type. By the end of the 2nd 
year the ribs are oblique, and by the 7th 
year respiration is largely perTbrihed by 
the ribs and is said to be thorac ic in 


Mechanical Factors. In the adult let 
the following be recalled: (a) The manu- 
brium, the first costal cartilages, and the 
first ribs constitute a kidney-shaped unit, 
which, save for the elasticity of its car- 
Jiilagcs, is rigid, (b) The stemo-manu- 
brial s 3 anphysis allows of hinge-like 
movements, (c) The lst-7th rib: and 
lst-7th cartilages increase from above 
downwards in length, in degree bf lateral 
projection, and in obliquity. (Actually 
the 7th is the longest of the ribs, the 8th 
the most laterally projecting, and the 9th 
the most oblique.) (d) The facets on the 
upper seven transverse processes for tlie 
vertebro-stern^ ribs are concave and face 
anteriorly. The facets on the 8th, 9th, 
and 10th transverse processes for the 
vertebro-chondral ribs ard^Aat and face 
antero-superiorly. The last two trans- 
verse processes have no facets, for the 
11th and 12th ribs articulate only at 
• their heads. Being free they are not re- 
quired to follow the excursions either of 
the sternum or of the other ribs, (e) 
The sternal ends of the costal arches 
lie at a lower level than the vertebral 
ends; and, the middle of each arch lies 
at a lower level than a straight line join- 
ing its two ends (fig. 520). 

During Quiet Inspiration the kidney- 
shaped unit, comprised of the manu- 
brium and right and left 1st costal 
arches, remains at rest. 

The Iniercostals cause the 2nd--7th cos- 
tal arches, each of which hangs like the 
handle of an inverted bucket, to rotate 
at»the costo- vertebral joints; in conse- 
quence, their middle parts rise and their 
lower borders are everted. Hence, the 
transverse diameter of the chest increases, 
and the subcostal angle widens. 

The Intercostals at the same time cause 
the sternal ends of the arches to rise; 
in consequence, the body of the sternum 
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is thrust forwards and the antero-pos- 
terior diameter of the chest increases. 

The position of the facets on the trans- 
verse processes prevents the vertebro- 
sternal arches from being forced back- 
wards, whereas tiic shape of the facets^ 
allows the rotary movement described. 

J^ecause the vertebro-stcrnal arches in- 
crease in length from above downwards, 
the lower end of the body of the sternum 
makes a greater excursion than the upper 
end, which takes part in the hinge-like 
sterno-manubrial articulation. 

Because the movements result in longer 
arches rising to or towards the positions 
just vacated by shorter arches, the trans- 
verse and antero-posterior diameters are 
still further increased. 

The Diaphragm and the False Arches. 
The anterior and lateral portions of the 
diaphragm are attached to the costal 
margin ; so, they nc(fessarily rise when the 
margin rises. The postero-medial por- 
* tion is attached to the upper lumbar ver- 
tebral bodies, arcuate ligaments, and. 12th 
ribs, and it is held stationary by the 
Quadrat us Liimborum. Owing to the 
intra-abdominal pressure, the right and 
left domes of the diaphragm are rounded 
when relaxed, arul they rise above the 
level of the central tendon. When on 
inspiration the diaphragm contracts, its 
fibers shorten and straighten, and thereby 
enlarge the phrenico-costal sinuses and 
cause the domes to descend. The upper 
abdominal viscera, especially the pliable 
liver, stomach, spleen, and kidneys, neces- 
sarily descend* before the coi^racting 
diaphragm; and the muscles of the ib- 
dominal wall yield sufl[icientiy to afford 
these viscera accommodation. Thus is 
the vertical diameter increased. 

Tlie thr^. pairs of vertebro-chondral 
ribs (S, 9,^ifcnd 10) do not imitate the 
movements of the vertebro-stemal ribs. 
Owing to the shape and position of the 


costo-transverse facets they cannot ro- 
tate, but they can and do glide backwards 
and upwards. By this movement, which 
resembles a pair of curved spreading 
calipers opening, the transverse diameter 
of the lower part of the thorax and upper 
part of the abdomen increases. When 
the inspiration is deep, the antero-pos- 
terior diameter of the abdomen dfmin- 
ishes in the median plane but increases 
on each side. This results in a further 
widening of the subcostal angle. For 
this, the diaphragm, acting against the 
resistance offered by the abdominal mus- 
cles, is responsible. It forces the upp^er 
abdominal contents laterally, and this 
causes the lower ribs to spread. (In an 
animal from which the abdominal viscera 
have been removed, the lower ribs are 
drawn inwards.) Actinj^ against the same 
resistance the diaphragm also raises the 
lower ribs; and the interchondral knobs 
transmit the upward thrust to the car- 
tilages of the true ribs. 

During inspiration the intercostal 
spaces widen, and during expiration they 
diminisli. The tone and elasticity of the 
Intercostals prevents in-sucking of the 
spaces: a fibrous membrane would not 
suffice here. 

On Deeper Inspiration the movements 
described are amplified. The Scalene 
mu.scles raise the first and second costal 
arches and the sternal heads of the 
Sterno-mastoids raise the manubrium, 
f erhaps the Levatores Costarum and the 
Serratus Posterior Superior assist. The 
Serratus Posterior Inferior steadies the 
lower ribs. 

On still deeper or forced inspiraiion 
associated with shortness of breath 
(whether from exertion or disease) 
and when sneezing and coughing, the 
Pectoralis Minor (perhaps also the Pec- 
toralis Major, and Serratus Anterior) as- 
sists in elevating the ribs. For the Pec- 



THE THORAX 


503 


toralis Minor to act, the scapula must 
first be fixed. In the quadruped, stand- 
ing on all fours, fixation is already 
achieved. In man the forelimbs and, 
therefore, the scapulae can be fixed qither 
by: (a) finding a purchase for the upper 
limbs, for example by grasping the arms 
of a chair, or (b) by the muscular action 
of the Trapezius, Levator Scapulae, and 
Rhomboidei. These, in turn, must be 
fixed by the muscles of the head and neck. 

The Sacro-spinalis and deep muscles of 
the back, by straightening the thoracic 
curvature, help still further to cause the 
rite to open out. 

The nostrils and glottis dilate rythm- 
ically to allow of easier entrance of air. 

Expiration is brought about by the 
elastic recoil of the lungs, Transversus 
Abdominis, and /costal cartilages. The 
rotation that the ribs undergo at the 
cost 0 - vertebral joints during inspiration 
involves twisting of the costal cartilages 
and widening of the costo-chondral 
angles. It is from this twisting and 
widening that the cartilages recoil. This 
is their function; bone would not suffice 
here. Deep or forced expiration brings 
into play the Oblique Abdominal muscles, 
and perhaps the Ilio-costo-cervicalis and 
Latissimus Dorsi. 

Notes : (a) The thoracic and abdominal 
types of respiration are usually not 
sharply demarcated but merge into each 
other, one or other type predominating. 
By practice and exercise the type can be 
modified, (b) In quiet respiration the 
domes of the diaphragm move about 
half-an-inch. The region of the i. v. 
cava is stationary, its opening in the 
central tendon is enlarged during inspira- 
tion and blood more readily enters the 
heart (footnote, p. 302). M the fibers 
of the diaphragm do not contract at one 
time, (c) A certain intra-abdominal 
pressure is necessary: for the upstroke of 


the piston-like action of the diaphragm. 
This is supplied by the muscles of the 
anterior abdominal wall (particularly the 
Transversus Abdominis) and the pelvic 
diaphragm (Levatores Ani). (d) In ex- 
pressing the contents of the hollow abdo- 
minal viscera (i.e., during micturition, 
defecation, vomiting, and parturition) a 
deep inspiration is taken and is held by 
closing the glottis, while the abdominal 
muscles and the diaphragm act in concert, 
(e) A sneeze and a cough are generally 
preceded by a deep inspiration, which is 
to obvious advantage. 

Posture. Gravity may work with the 
diaphragm or against it, thus: the dia- 
phragm rises highest and its. excursion is 
greatest when the subject lies flat on his 
back with the foot of the bed raised ; it is 
less high and the excursion is less when 
horizontal; still less when erect (the ab- 
dominal muscles arc then antagonistic), 

> still less when sitting down, because then 
the abdominal muscles are relaxed; and 
finally in persons whoso abdominal mus- 
cles have lost their tone (e.g., cases of 
large umbilical hemiae, visceroptosis), 
the diaphragm ceases to act and respira- 
tion becomes thoracic. When the sub- 
ject lies (horizontally) on one side, the 
dome of the diaphragm of that side is 
higher, and makes a greater excursion, 
than the dome of the upper side. 

Unless the head and neck are extended 
and fixed, the muscles that raise the 
pectoral girdle cannot act to advantage; 
in consequence, the Pectoralis Minor and 
other accessory muscles ' of inspiration 
thit attach the girdle to the trunk cannot 
act. The weight of the upper limbs has 
then to be borne by the thorax. 

LTnless the thoracic region of the spine 
is extended, the costal arches cannot 
spread fully. So, with head and chin 
dropped, shoulders rounded, and back 
bent — a position that through faulty 
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placing of pillows a patient can easily 
assume — the lungs are least well aerated. 


THE INTERCOSTAL SPACES 

Except at the triangle of auscultation^ 
which is bounded by the Trapezius, 
Latissimus Dorsi, and Rhomboideus Ma- 
jor and overlies the sixth rib and the space 
above it and below it (fig. 73)^ the costae 
are completely covered with muscles, 
namely : The Pectorales Major et Minor, 
Rectus Abdominis, Obliquus Externus 
Abdominis, Serratus Anterior, I^atissimus 
Dorsi, Trapezius, Rhomboidei Major et 
Minor, Levator Scapulae, and the Sacro- 
spinalis. All but two of these are flat 
muscles; all but three are inserted into 
the bones of the limb. The Serratus An- 
terior completely separatees the scai)ula 
from the chest wall. All must bo re- 
moved to obtain a complete (Exposure of 
the intercostal spaces. 

The Muscles of the thoracic wall arQ 
disposed in three layers, like the flat 
muscles of the abdominal wall, and they 
have the same derivation. In both 
regions the nerves and vessels course 
between the middle and inner layers of 
muscles, and it is helpful to bear this 
consideration in mind (fig, 7)lj). 


Abdominal Thoracic 

(1) Obliquus Externus Intercostales Externi 

(2) Obliquus Internus Intercostales Interni 

(antero-external) 


Nerves and Vessels 


(3) Transversus 


j Intercostales Interni 
I (postero^-internal) 

I Subcostalis 
[Transversus 


The fibers of the Intercostales Extemi 
run downwards and forwards between 
the adjacent borders of two costae. 
Their inllrcartilaginous parts, called 
the anterior intercostal membranea, are 
fibrous; their interosseous parts are fleshy 


and extend backwards to the tubercles 
of the ribs. The Obliquus Abdominis 
Externus and the Levatores Costarum 
overlap and blend with the Intercostales 
Externi in front or behind, as the case 
may be. These three muscles have a 
common direction, a common nerve sup- 
ply, and a common derivation. Each 
Levator Costae arises from the tip of a 
transverse process and extends fanwise 
to the rib below; so, of the 12 pairs of 
Levatores Costarum the first springs 
from the seventh cervical vertebra; the 
last, from the eleventh thoracic. 

The fibers of the Intercostales Jptemi 
run in the opposite direction and, so, 
cross those of the external muscles like 
the limbs of a St. Andrew's cross (fig. 
536). The fleshy fibers extend from the 
sternal ends of the spaces to the angles of 
the ribs. Behind the angles, posterior 
intercostal membranes continue back- 
wards and merge with anterior costo- 
transverse ligaments. Each Internal 
Intercostal has two layers, which overlap 
each other near the midlateral line. The 
antero-external layer is attached to the 
outer lip of the costal groove. It be- 
longs to the same morphological layer 
as the Obliquus Internus Abdominis and 
is continuous with it beyond the open 
ends of the last two intercostal spaces. 
The postero-internal layer is attached to 
the inner lip of the costal groove and 
belongs morphologically to the same layer 
as the Transversus Thoracis, Trans- 
versus Abdominis, and Subcostalis. 

Subcostalis is the name given to fibers 
of the posterior part of an Internal 
Intercostal that bridge more than one 
intercostal space. 

The Transversus Thoracis is the up- 
ward continuation of the Transversus 
Abdominis. It arises from the back of 
the xiphoid and lower two or three steme- 
brae and fans out tio be inserted into the 
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third to sixth costo-chondral junctions. 
Ho, it fails to cross the upper two inter- 
chondral spaces. 

Vessels. The Internal Mammary Ar- 
tery {Jig. 525) is a branch of the sub- 
clavian artery (first part). At this stage 
it is to be found descending a finger^s 
breadth from the sternum, behind the 
Internal Intercostals and upper six cos- 
tal cartilages, and dividing into its two 
terminal branches, the superior epigastric 
a nd lo-phrenic . 


The internal mammary artery is an 
intersegmental vessel, comparable to the 
descending aorta. Phylogenetically it is 
not well named, for its presence in fishes 
indicates that it is older than the mam- 
mals. Being the sole artery in the 
neighborhood, it supplies the entire neigh- 
borhood. 

Branches. (1) Perjo^ating (or cuta- 
neous) branches perforate thp Internal 
Intercostal, and anterior intercostal mem- 
brane, and the Pectoralis Major in the 
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ANASTOMOSIS 


INTR. MAMMARY A. 


MUSCLES A NERVE ARTERIES 

Fio. 525. The contents of an intercostal space (horizontal section). 


The internal mammary a. is most read- 
ily exposed in the 1st or 2nd space, be- 
cause these are the widest spaces, but 
here it rests directly on the pleura, which 
is in danger of being punctured. On this 
account it is safer to expose it in a lower 
space where the Transversus is interposed 
between it and the pleura. 

The venae comites of the mammary 
artery unite and pass to the innominate 
vein. A lymph gland is found in most 
spaces. 


upper six spaces and supply the cutane- 
ous structures including the mamma. 
The mammary branches come from the 
seconds, third, and fourth perforating 
Hranches. (2) Anterior intercostal (or 
muscular) branches: A large upper branch 
and small lower one run laterally be- 
tween the vertebro-stemal ribs and car- 
tilages. Though mainly muscular they 
also supply the pleura and ribs. (3) 
Corresponding branches of the musculo- 
phrenic artery do like service for the 
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spaces above tlie vertebro-ehondral ribs; 
Other branches of the musculo-phrenic 
artery go to the Diaphragm and to the 
abdominal muscles. (4) Other twigs sup- 
’^pl}’’ such thoracic contents as the thymus 
gland, b-mph glands, fat, and the peri- 
cardium, and a large branch, the peri- 
cardiaco-phrenic, follows the phrenic 
uer\'e. (5) Tho sjfperior epigastric artery 
continuesr as an intcrscgmental vessel 
behind the 7th costal cartilage, and be- 
tween slips of the diapliragm, into the 
Rectus sheath. Behind the upper part 
of the Rectus it anastomoses with the in- 
ferior epigastric branch of the external 



Fig. 526. The contents of an intercostal 
space (vertical section). 

iliac artery and thereby ])rings tin* great 
vessels of the upper and lower limbs into 
communication. 

A Posterior Intercostal Artery and 
Vein run above each nerve under the 
shelter of a costal groove, and, as is so 
generally the case with a nerv^e^and its 
companion artery and vein, the artd-}'^ 
occupies the middle position. 

A posterior intercostal artery, being 
much larger than an anterior intercostal 
artery, supplies much more than half its 
intercostal ijjace, and it gives off a lateral 
cutaneous branch, which follows a lateral 
cutaneous nerve. 


Of the 1 1 posterior intercostal arteries, 
the upper 9 anastomose with anterior 
intercostal arteries derived from the in- 
ternal mammary and musculo-phrenic ar- 
teries; whereas the lower 2 continue 
beyond the open ends of the lower two 
spaces into the abdominal walL 

The upper 2 posterior intercostal 
arteries arise from the superior intercostal 
artery; the lower 9 from the aorta (p. 
570). 

The Intercostal Nerves. Of the ante- 
rior rami of the twelve pairs of thoracic 
nerves, eleven are intercostal and one is 
subcostal. The 1st and 12th differ mot- 
ably from the others: the 1st because of 
the very large contribution it makes to 
the brachial plexus; the 12th because, 
being subcostal, it has to run its course 
in the abdominal wall. The upper five 
of the remaining ten (2, 3, 4, 5, and G) 
run typical intercostal or thoracic 
, courses'^; whereas the lower five of the re- 
maining ten (7, 8, 9, 10, and 11) run 
partl}^ in the thoracic wall and partly in 
(he abdominal wall and pursue what may 
be called Ihoracico-ahdoininaV^ course.s. 

Let the abdominal course of a “tho- 
racico-abdominal’^ nerve be recalled. A 
nerve (7th-llth) leaves its interspace 
between slips of the diaphragm, and be- 
hind an upturned costal cartilage, if 
there be one (spaces 10 and 11 are open 
in front). It then runs between the In- 
ternal Oblique and Transversus Abdom- 
inis, which conduct it to the back of the 
Rectus sheath. It pier(*es this, passes in 
front of the superior or inferior epigastric 
artery, supplies and pierces the^ectus, 
pierces the anterior wall of the sheath, 
and finally, in the company of a cutane- 
ous branch of an epigastric artery, ends 
as an anterior cutaneous nerve of the 
abdominal wall. The 10th supplies the 
region of the umbilicus {jig. 199). 

Now, in the thoracic course the same 
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morphological relationships are retained 
(Jig. 525). Thus, a thoracic nerve (2nd- 
6th) lies deep to the superficial or antero- 
extemal layer of the Internal Intercostal 
and is separated from the pleura by the 
deep or postero-internal layer of the In- 
ternal Intercostal and the Transversus 
Thoracis; it crosses in front of the inter- 
nal mammary arteiy and, in the com- 
pany of a perforaling artery, pierces the 
superficial part of the Internal Intercos- 



Fig. 527. Cutaneous nerve segments (from 
the front). (After Purves Stewart.) 

tal, anterior intercostal membrane, and 
Pectoralis Major to end as an anterior 
cutaneous nerve of the thorax. The 
thoracic course of nerves 7th-llth can 
easily be supplied. 

The intercostal and subcostal nerves 
are typical, serially segmental nerves. 
About the midlateral line they give off 
lateral cutaneous branches, described 
with the axilla (p. 91). 


Special or Irregular Features of 
THE Nerves. I si intercostal nerve. Its 
intercostal part is slender and motor. 
If it possesses lateral and anterior cu- 
taneous branches they are trivial. It is 
nevertheless the largest of the thoracic 
"anterior rami because of the large bundle 
it sends across the neck of the 1st rib to 
join the anterior ramus of C. 8 to form the 
lowest trunk of the brachial plgxus (fig. 



o/f8). This bundle crosses the neck of 
the first rib subpleurally, lateral to the 
superior, intercostal artery. The lowest 
trank of the plexus occupies the binder 
part of the groove on the first rib for the 
subclavian artery. The subclavian vein 
therefore is in front, the subclavian artery 
is in intermediate position, and the nerve 
is behind. 

2nd intercostal nerve. Its lateral cu- 
taneous branch is carried subfascially 
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across the floor of the axilla, and sub- 
cutaneously down the postcro-medial side 
of the arm in spiral fashion as far as the 
olecranon . Its anterior cutaneous branch 
inosculates in the pectoral region with 
branches of C. 3 and 4 which have de-, 
scended in front of the clavicle; i.e., seg- 
ments (C. 5, 6, 7, 8, and Th. 1) which go 
to form the brachial plexus are not repre- 
sented here. {Figs. 527^ 528.) 

3rd intercostal nerve. Part of its lateral 
cutaneous branch reaches the medial side 
of the arm just beyond the axilla. 

^ 10th intercostal nerve supplies the seg- 
ment about the umbilicus. 

12th anterior ramus or tsubcostal nerve 
is in series with the intercostal nerves. 
Its lateral cutaneous branch, accom- 
panied by the corresponding branch of L. 

1 (ilio-hypogastric), crosses the iliac crest 
in front of the tubercle and descends to 
the level of the greater trochanter, as 
the iliac branch of Th. 12. 

The muscles supplied by the intercostal 
and subcostal nerves are: Thoracic: Ex- 
ternal and Internal Intercostals, Sub- 
costal, Transversus Thoracis, and Leva- 
tores Costarum Abdominal: External 
and Internal Oblique, Transversus, Rec- 
tus, and "Pyramidalis. Back: Seiratus 
Posterior Superior and Serratus Posterior 
Inferior. 

THE PLEURAE 

The Subdivisions of the Thoracic Cavity. 
The thoracic cavity is divided into: 

1. The right and left pleural cavities. 

2. The mediastinum or region between 
the two pleural cavities. 

The contents of the mediastinum are 
briefly: (a) the heart within its peri- 
cardium, (W the vessels proceeding to 
and from tre heart, (c) the trachea, and 
(d) the structures in transit from neck to 
abdomen, such as the oesophagus, the 


vagus nerves, the phrenic nerves, and 
the thoracic duct. 

The pleural, pericardial, and peritoneal 
cavities, as well as the cavities of the 
tunicae vaginales testium, are closed 
potential cavities lined with squamous, 
serous-secreting cells. In embryonic life 
these cavities are continuous and together 
make up the embryonic celom. The 
lung invaginates the pleural cavity in 
the same manner as the testis invaginates 
the tunica vaginalis testis. 

The Pleurae. Each pleura has three 
parts — parietal, visceral, and connecting. 

1. The Parietal Layer. As wall paper 
assumes the shape of the room it lines, so 

CERVICAL 

PLEURA-j^fl'^ 

LST RIB— -^>^1 



SITE or INVAGINATION 
OF VISCERAL PLEURA 


Fig. 520. The parietal pleura as a half cone. 

does the parietal layer of pleura. Since 
each room or pleural cavity is shaped like 
a cone bisected sagittally, it possesses 
two walls (costal and mediastinal), a base, 
and an apex {figs. 529, 530). The pari- 
etal layer may therefore be subdivided 
into: (a) The costal pleura, which lines 
the costae (i.e., ribs and their cartilages). 

(b) The mediastinal pleura, which is 
applied to the side of the mediastinum. 

(c) The diaphragmatic pleura, which 
covers most of its own half of the dia- 
phragm. (d) The cervical pleura (cupola) 
which rises into the neck. 

2. The Visceral Layer or the pulmonary 
pleura invests the lung precisely as the 
peritoneum invests the liver or the spleen. 



THE THORAX 


509 


3. The connecting portion, like an isih- 
muSy connects the visceral or pulmonary 
pleura to the mediastinal layer of parietal 
pleura. Actually, it is a tube or sleeve 
of pleura through whose upper half the 
structures constituting the root of the lung 
pass, while its lower half, being empty, is 
collapsed and is known as the pulmonary 
ligament (lig. pulmonale) {fig. 

Lines of Pleural Reflexion (figs. 633, 
533). The costal pleura is continuous 
with (a) the mediastinal pleura in front 
of the vertebral column — the vertebral 


DEFLATED INFLATED 



Fig. wo. The pleura: The lunig; represented 
as a balloon with a stalk. D » diaphragmatic 
pleura; M = mediastinal pleura. 



reflexion, (b) It is also continuous with 
the mediastinal pleura behind the ster- 
num — the sternal reflexion, (c) And, it 
is continuous with the diaphragmatic 
pleura near the chest margin — the costal 
reflexion. The mediastinal pleura is, of 
course, continuous wdth the dia- 
phragmatic pleura at the side of the 
pericardium, but because this ‘‘media- 
stino-diaphragmatic” line of reflexion is 
not near the surface of the body and has 
not the practical importance of the other 
reflexions, it is unnamed. 


Because the costal layer, when traced 
backwards, passes on to the vertebral 
column to form the vertebral reflexion, 
and because the vertebral reflexion ex- 
tends throughout the entire thoracic 
•region from 1st to 12th thoracic vertebra, 
it follows that a needle, passed forwards 
through the posterior part of any inter- 
costal space, must of necessity enter the 
pleural cavity. * 

The sternal and costal lines of reflexion 
are of high clinical importance. To plot 
them on the surface of ^he body you need 
tax your memory only to the extent of 

remembering the even numbers 2, 4, 

6, 8, 10, and I?. The right and left ster- 
nal lines of reflexion pass behind the 
respective stemo-clavicular joints, meet 
each other in the median plane at (or 
above) the sternal angle of Louis, which 
lies at the level of the 2nd costal carti- 
lages. Thereafter, the right reflexion con- 
• tinues downwards in the midline to the 
back. of the xiphoid proc(^ss; the left parts' 
fronr the right at the level of the 4th car- 
tilage, where it is deflected as far as (short 
of or beyond) the margin of the sternum, 
along which it is continued downwards 
as far as the 6th cartilage. Thereafter, 
as the costal reflexion, it passes obliquely 
across the 8th, 10th, and 12th ribs, cross- 
ing the 8th in the midclavicular line, the 
10th in the midlateral line, and the 12th 
at its neck. The right costal reflexion 
likewise cuts the 8th, 10th, and 12th ribs 
in the midclavicular line, the midlateral 
line, and at the neck respectively. It 
differs, •however, from the left costal 
reflexion in descending to a lower* level 
anteriorly: for whereas the left reflexion 
follows the line of the 6th cartilage, the 
right reflexion passes from the back of the 
xiphoid across the xiphi-costal angle to 
the 7th costal cartilage. * 

Variations, From an investigation of 
95 adult cadav^ra, Woodbume found that 
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the line of left pleural reflection in the 
precardial area varied from person to 
person especially in the 5th and Gth in- 
terspaces where there is a horizontal 
range of 5 cm. Indeed, 85% of reflexions 
lay medial to the line depicted in figure , 
533. Enlarged hearts seem not to effect 
the line. 

Relationship of the Costal Reflexion 
to the Costal Margin. From the facts 
mentioned it is evident that the pleurae 
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hind. 

descend below the costal margin in three 
regions : 

(1) Right xiphi-costal angle. 

(2) Right costo-vertebral angle. 

(3) Left costo-vertebral angltf. 

In cases where the 12th rib is very short 
the line of reflexion comes, of course, to 
lie below the costal margin after crossing 
the 11th rib, and is therefore in surgical 
danger. ^ 

Note, fltalfway round the body, that 
is, in the midlateral line, the costal re- 
flexion reaches ita lowest limit. At this 


point it is situated about two fingers 
breadth above the costal margin. The 
distance between the reflexion and the 
margin diminishes, so to speak, to zero 
or rather to subzero, as the reflexion is 
traced (a) backwards and upwards to the 
right and left costo-vertebral angles (fig. 
632), and (b) forwards and upwar/ls to 
the right xiphi-costal angle (fig. 633)., 
Below the level of the costal reflexion, 
the diaphragm lies in direct contact with 
the costae and intercostal muscles. At 
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Fig. 533. Sterno-costal reflexion of pleura. 

the side? and back of the chest the lower 
border of the lung does not descend to the 
level of the costal reflexion of the pleura; 
and, in consequence, the diaphragmatic 
and costal layers of parietal pleurae cojne 
into apposition with each other. The 
potential space unoccupied by lung ]a 
known as the costo-diapkrdgmaiic recess. 
This recess becomes alternately smaller 
and larger as the lung advances into it 
and recedes from it during inspiration and 
expiration (fig. 534)* . " 
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From these observations it follows that 
an instrument passed through the ante- 
rior parts of the 7, 8, 9, 10, and 11 inter- 
costal spaces would miss the pleural 
cavity but would penetrate intercostal 
muscles, diaphragm, and enter the peri- 
toneal cavity. At a slightly higher level 
it would penetrate intercostal muscles, 
costo-diaphragmatic recess, diaphragm 
and enter the peritoneal cavity. Still 
higher it would penetrate the lung also. 

The only other region of the pleural 
cavity not occupied by lung lies at the 
anterior ends of the 4th and 5th left 
interspaces. Here, owing to a deficiency 



Fig. 534. Coronal section of thorax (semi- 
schematic). 

in the anterior border of the left lung, 
where it overlies the heart, and hence 
called the cardiac notch of the lung, the 
costal and mediastinal layers of the left 
pleura come into direct contact with each 
other and form the costo-mediasiinal 
recess. Thus, there are three pleural 
recesses: 

(1) Right costo-diaphragmatic recess. 

(2) Left costo-diaphragmatic recess. 

(3) Left costo-mediastinal recess. 

Does the apex or cupola of the pleura 

rise above the level of the 1st nb? The 
answer “Yes” and the answer “No” are 
alike incorrect. The cupola rises to, but 


not above, the neck of the first rib, which 
therefore protects it from injury from 
behind. But, since there is a drop of an 
inch and a half between the vertebral 
and sternal ends of the first rib, it follows* 
that the pleura rises li inches above the 
kemal end. Here the clavicle offers 
some protection {fig, 535) . 

When the pleural cavities have been 
opened, you should not fail to verify (or 
modify) the foregoing all-important state- 
ments regarding the limits of the pleura. 

Notice whether a sharp, straight probe 
passed horizontally at thfe following points 
enters or misses the pleural cavity: he- 
low the chest margin at the right xiphi- 
costal angle, ahd at the right and left 
costo-vertcbral angles; above the neck 



Fig. 535. Cervical pleura or cupola. 


of the 1st rib on both sides; at the anterior 
ends of the 4thy 5th, and 6th left interspaces; 
at the 8th rib in the midclavicular line 
and the lOih rib in the midlateral line on 
both sides; and below the 6th left costal 
cartilage. 

The Mediastinum, being the region 
between the right and left pleural cayities, 
is covered on both sides with mediastinal 
pleura {fig, 532). The mediastinal pleura 
expend from the sternum in front to the 
bodies of the twelve thoracic vertebrae 
behind; and from the diaphragm below 
to the thoracic inlet above. 

It will be recalled that the ribs are set 
not horizontally but obliquely, there 
being a drop of an inch and a half between 
the vertebral and sternal ends of the first 
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ribs. Accordincly, the suprasternal 
notch or upper end of the sternum lies 
not at the level of the 1st thoracic ver- 
tebra but ] } inches lower — at the level 
of the di.^c between the 2nd and 3rd. 
The obliquely set manubrium stemi is 
about as long as the bodies of two verte- 
brae and the intervening disc (i.e., 2 
inches). The more perpendicularly set 
corpus stern i, being more than twice 
the length of the manubrium, is longer 
than four vertebral bodies and interven- 
ing discs. Thus, the sternal angle lies a 
little below the body of the 4th vertebra; 
the xiphisternal joint well below the 
8th vertebra 



Fig. .'>36. Subdivisions of the niediastinuru. 

Subdivisions. The central and most 
vital structure within the mediastinum 
is the heart. It is contained within a 
fibrous sac, the fibrous pericardium. The 
areas above, in front of, and behind the 
pericardium are known respectively as the 
superior, anterior, and posterior medi- 
astina, while the area within the peri- 
cardium is referred to as th^ middle 
mediastinum. In man, who walks erect, 
but not in quadrupeds, the fibrous peri- 
cardial sac is fused below with the central 
tendon of the diaphragm; above, it 
reaches to the level of the sternal angle. 
In fact, il^iappens to be co-extensive in 
the median plane with the body of the 
sternum, perhaps overstepping it slightly 


at the upper and lower ends; so, one may 
say— in front of the pericardium are the 
4 sternebrae that comprise the body of 
the sternum; behind it arc the middle 4 
thoracic vertebrae {fig. Ij36). 

The superior mediastinum is the sub- 
division of the mediastinum above the 
level of the fibrous pericardium. This i|3 
equivalent to saying the region ab6ve the 
plane joining the sternal angle to the 
intervertebral disc between the 4th and 
5th thoracic vertebrae. The anterior 
mediastinum is the small area in front of 
the pericardium where the sternal reflex- 
ion of the left pleura fails to meet the 
right pleura in the median plane (fig. 
533). It is evident from what has been 
said tliat it is situated dorsal to the por- 
tion of the left half of the sternum that 
lies caudal to the 4th cartilage and that 
it may include the sternal ends of the 
(4th), 5th and Cth left intercostal spaces. 
It has no contents save a little fat and 
some lynipli glands. The posterior me- 
diastinurn lies behind the pericardium 
and also extc'iids downwards below its 
level. In facd, tlie lower 8 thoracic ver- 
tebrae bound it behind; the pericardium 
and diaphragm Ixmnd it in front. The 
middle mediastinum, of which the fibrous 
pericardium is practically the envelope, 
contains not only the heart but also the 
roots of Ihe eight great vessels passing 
to and from the heart. Lateral to the 
pericardium on each side rmi the phrenic 
nerves and their companion vessels, the 
pericardiaco-phrenic vessels. They are 
the sole contents of what might be de- 
scribed as the “lateral mediastinum’\ 
But, as no such region is recognized, they 
are usually described with the middle 
mediastinum. The anterior, middle, and 
posterior mediastina may be referred to 
collectively as the inferior mediastinum. 

On or about the almost horizontal 
plane that separates the superior medias- 
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tiuum above from the inferior mediasti- 
num below, many stnicturcs will in due 
course be seen to end, or to begin, or to 
arch, or to bend. Iloiuie, it is a critical 
level. 

The mediastinal pleurae cannot be 
studied satisfactorily until the lungs have 
been removed. To remove a lung it is 
necessary to sever its root and the empty 
fold of pleura, the pulmonary ligament, 
that descends from the root. Before 
doing so, observe that just as a finger 
can be passed over the rounded upper 
border of the root of the lung, so it can 
be passed under the sharp lower bor- 
der of the pulmonary ligament. The 
phrenic nerve and its companion vessels 
course medial to the mediastinal pleura 
half an inch in front of the root, and, so, 
need not be tou«hed. Branches of the 
vagus nerve join behind the root with 
. branches from the 2, 3, and 4 sympathetic 
ganglia to form the posterior pulmonary 
plexus. They should be identified before 
being cut. The detached lung should be 
put aside until the study of the parietal 
pleura is completed. 

The Mediastinal Pleurae. The struc- 
tures covered by the right and left sheets 
of mediastinal pleura are readily displayed 
because there is but little fat within the 
thorax. Their relative positions should 
be noted with considerable care; and, for 
reasons which will become apparent, they 
should be considered under the groupinp 
given below, and not haphazard. It is 
wise to sketch them in a blank form, 
which from the information already sup- 
plied can easily be outlined. 

The thoracic contents were originally 
disposed symmetrically on the two sides 
of the body, but this initial symmetry 
was early lost, largely in consequence of 
the disappearance of certain veins from 
the left side and of certain arteries from 
the right, as explained on page 555. The 


right side is the simpler; so, it will be 
examined first. 

The Right Mediastinal Pleura. On 
the right side investigate the structures 
in the following order: 

- 1. Pericardial sac. 

2. Two sites devoid of mediastinal 
contents. 

^ t 

3. Inferior vena cava (I. V. C.) ] § 

Superior vena cava (S. V. C.) 

Right innominate vein £ 

Right jugular vein a 

Right subclavian vein ^ 

' s 

4. Oesophagus and Trachea: Right 
vagus nerve. 

5. Root of lung and pulmonary liga- 
ment: Bronchus, Pulmonary artery, Pul- 
monary veins, and Vessels and Nerves. 

6. Arch of the azygos vein. 

• The Pericc^dial Sac encloses the middle 
nicdiastinal contents^ and is co-extensive 
in the median plane with the body of the 
sternum. It Is separated from the right 
half of the body of the sternum by the 
thickness (or rather thinness) of the 
anterior border of the right lung and 
pleura. The sac is separated from the 
middle four thoracic vertebrae by the 
thickness of the aorta and the collapsed 
oesophagus (fig. oS7). 

Two Sites Devoid of Contents. In two 
places the mediastinum lias no contents; 
so, the right and left layers of mediastinal 
pleura come into apposition: (1) between 
the sterflum and pericardium from the 
level of the second to the fourth cfostal 
cartilages, and (2) between the lower end 
of the oesophagus and the aorta. Here 
the two layers form a dorsal meso^ 
oesophagus. Place a hand in each pleural 
cavity and feel these thin partitions; 

^ Exclusive of the phrenic nerves and their 
accompanying vessels. 
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inspect them also. If either were to 
break down the result would be a single 
common pleural cavity {fig, 547). 

The Venae Cavae and the Right Phrenic 
Nerve. A pliable wicker stick passed 
upwards through the cut abdominal end 
of the i. V. cava will enter and traverse 
the right atrium (unless it is filled with 
hardened blood clot), and if pushed on- 
wards will traverse the s. v. cava and the 
right innominate vein, and if continued 



Fia. 537. The pericardial sac has 4 sterne- 
brae in front of it and 4 vertebrae behind. 

upwards into the neck will enter the in- 
ternal jugular vein. Palpate the stick 
and note that the venae cavae enter the 
pericardium and debouch into the ri^ht 
atrium on a plane anterior to the root 
of the lung and pulmonary ligament. 
These veins may be likened to two rivers 
that flow due north and south to empty 
into a lal^ the right atrium (fig^SS). 
p^.On eacn side of the body the internal 
jugular and subclavian veins unite be- 
hind the stemo-clavicular joint to form 


the corresponding innominate vein. The 
left innominate vein crosses behind the 
upper half of the manubrium and joins 
the right innominate vein at the right 
margin of the sternum to form the s. v. 
cava. The s. v. cava descends from the 
1st to the 3rd right costal cartilage and 
there opens into the right atrium. Its 
upper half is outside the pericardial sac ; 
its lower half is inside. The i. v. cava, 
which likewise is partly outside and 
partly inside the pericardial sac, pierces 
the diaphragm and enters the heart at 


PHRENIC N. 



Fio, 638. The right phrenic nerve runs sub- 
pleurally along a great venous channel. 

the levels of the xiphisternal joint and 
6th costo-sternal joint respectively. 

The Jtight Phrenic Nerve enters the 
thorax behind the subclavian vein, and 
passes downwards subpleurally along the 
line of the wicker stick that traverses 
the great venous channel mentioned in 
the preceding paragraph; that is, it lies 
in contact with the right side of the right 
innominate vein, superior vena cava, peri- 
cardium, and inferior vena cava — the 
pericardium separating it from the lower 
part of the s. y. cava, right atrium, and 
upper part of the i. v. cava. It then 
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pierces the diaphragm and spreads out on 
its abdominal surface. It is the sole 
motor supply of the right half of the 
diaphragm. Entering the thorax be- 
between the subclavian artery and vein, 
it crosses (either in front of or behind) the 
internal mammary artery and from it 
acquires a companion, the pericardiaco- 
phrenic artery. In its course it passes in 
front of the root of the lung and sends 
sensory twigs to the pericardium and 
pleura. It is, therefore, a mixed nerve. 
Twigs are said to reach the liver and the 
adrenal gland. 

Oesophagus, Trachea, and Right Vagus 
Nerve. A fish has neither lungs, bronchi, 
nor trachea; so, its stomach occupies a 
much more cephalic position than in a 

OESOPH. 



o o 


its entire course — save for the small 
amount of areolar tissue requisite to 
allow each to enlarge and contract inde- 
pendently of the other; and (2) that the 
right vagus is to be sought in direct 
contact with either the trachea or the 
oesophagus. In point of fact, the right 
vagus, after entering the thorax between 
the subclavian arteapy and innominate 
vein, passes obliquely downwards and 
backwards first on the side of the in- 
nominate artery, then on the side of the 
trachea to the back of the root of the 


R. VAGUS NERVE 
R.C. CAROTID A. 
OESOPHAGUS 
TRACHEA 


R.SUB.A 


■ > TRACHEA 

Fio. 539. The primitive food passage becomes 
the oesophagus and trachea. 

mammal. Its oesophagus is merely a 
sphincter separating its stomodeum from 
its stomach: it has no length. The nerve 
supply to this sphincter and stomach is 
the vagus, the vagrant or wandering 
nerve. In man (and mammals) lungs, 
bronchi, and a trachea make their appear- 
ance as an outgrowth from the upper part 
of the food passage and, therefore, the 
vagus nerves, being the nerves of the food 
passage, are called upon to supply them 
{fig. 6S9). The vagus nerves may now 
appropriately be called the pneumo- 
gastric nerves, a term that would indicate 
that they supply the air apparatus and 
food apparatus. These remarks are de- 
signed to make clear two points: (1) that 
the trachea is entitled to lie in direct 
contact with the oesophagus throughout 



INNOM. A. 

R. BRONCHUS 


ROOT 


LIG. PULMONALE 


aVAGUSoR P. GASTRIC N. 

Fig. 540. The right vagus nerve is applied to 
the trachea and oesophagus. 

lung where it takes part in the posterior 
pulmonary plexus {fig. 540). From this 
plexus the main trunk then passes to the 
oesophagus and adheres to it thereafter. 

The pesophagus lies in front of the 
vertebral column except below, where the 
aorta gains the middle line and inter- 
poses itself. The trachea lies imme- 
diately in front of the oesophagus 
througtn^ut the superior mediastinum, 
and on reaching the plane between the 
superior and posterior mediastina it bi- 
furcates into a right and a left bronchus. 
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The Root of the Lung and the 
Pulmonary Ligament. The three es- 
sential structures in the root of the right 
and left lungs are: 

1. The pulmonary artery which brings 
blood, charged with carbon dioxide and 
blue in color, from the heart to the lungs.* 

2. The pulmonary veins (there are two 
on each side,^ an ^ppcr and a lower) 
which return oxygenated blood, red in 
color, to the heart. 

3. The bronchus or air passage, which 

can be identified by the cartilage in its 
wall. • 

As in the root of the lung no rearrange- 
ment of structures takes place, it follows 
that the bronchus, which has common 
derivation with the oesophagus, lies pos- 
terior to the vessels which arc passing to 
■“»and from the heart. Of the \'cssels, the 
two pulmonary veins of each side pierce 
the pericardium to end in the left atrium 
and are, therefore, below the correspond- ^ 
• ing right or left pulrnonary artery, which 
lies along the upper border of the gitria, 
as will be appreciated when the heart 
is studied {fig. The order is the 

same on both sides, namely: bronchus 
behind, artery abo\ c, veins below {jig. 
542). On the right side there an 
additional broiichu.s — the bronchus to 
the upper lobe of the lung; and, because 
it is higher even than the artery, it is 
called the epartcrial hronchus. These 
structures occupy the upper part of the 
sleeve of pleura that connects the pulmo- 
nary pleura to the mediastinal pleura. 
Because the lovvc!’ part of the sleevQ. is 
traversed only by a few lymph vessels, it 
is collapsed; its anterior and posterior 
walls are applied to each other and form 
the 'pulmonary ligament (lig. pulmonale). 
The root fringe from the mediastinum 
where its constituents assemble — the 
bronchus at the upper and front part of 


the posterior mediastinum; the vessels 
near the back of the pericardium. 

Also in the root of the lung are: 

4. Nerve plexuses. 

5. Hioncliial vessels. 

(). Lymph glands. 

The vagus has been seen to form a 
plexus behind the root of each lung, and 
joining it are branches from the sympa- 
thetic cord (segments 2, 3, and 4). 
From this posterior pulmonary plexus 
branches proceed into the lung. Some 
fibers from the vagus pass to the front of 
the root where, with others from the 
cardiac plexus, they constitute the an- 
terior pulmonary plexus. From it, fibers 
enter the lung. 

The lung stroma derives pure arterial 
blood fi‘om the bronchial artery^ much as 
th(^ liver stroma derives pure arterial 
blood from tlie hepatic a^te^ 3 ^ The 
bronchial arteries spring from the aorta 
or from an intercostal artery and run 
with tlie bronchi. 

In the root or tlu' lung there arc many 
lymph (jlaml.s, b)a(;k from inhaled pig- 
ment. 

The Arch of the Azygos Vein. The 
azygos vein runs upwards in front of the 
vertebral column to the junction of the 
posterior and superior mediastina and 
there arches forwards above the root of 
the lung to end in the s. v. cava before 
the latter pierces the pericardium. The 
arch crosses lateral to the oesophagus, 
trachea, and right vagus. 

Throughout its entire thoracic course 
the oesophagus is clothed on its right side 
with mediastinal pleura, save only where 
the azygos arch crosses it above the root 
of the lung. Pass a wicker stick through 
the esophagus, palpate it and satisfy 
yourself of this. 

In due time it will be seen that the 
innominate artery, the right end of the 
left innominate vein, the beginning of the 
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aortic arch, and thymus gland are also in 
contact with the right mediastinal pleura. 

The Left Mediastinal Pleura. The 
structures covered by t4e left mediastinal 
pleura should now be identified, and in- 
vestigated under the following groupings, 
and sketched in a blank form: 

1. Pericardial sac. 

2. Root of left lung and pulmonary 
ligament. 

3. Aortic arch and descending thoracic 
aorta. 



Fig. 541. The thoracic aorta. 


4. Oesophagus, trachea, left recurrent 
nerve, and thoracic duct. 

5. Left carotid and subclavian arteries. 

6. Left phrenic and vagus nerves and 
left superior intercostal vein. 

7. Oesophagus. 

The Pericardial Sac, the Root of the 
Left Lung, and the Pulmonary Ligament 
are disposed as on the right side. It will, 
however, be noted that (a) two-thirds of 
the pericardium lie on the left of the 
median plane; that (b) owing to de- 


ficiencies in the anterior border of the 
left lung and pleura — hence the anterior 
mediastinum — the pericardium comes 
into direct contact with the left half of 
the body of the sternum below the level 
.of the 4th costal cartilage; and that (c) 
as there is no eparterial bronchus on the 
left side, the left pulmonary artery is the 
highest structure in^he root of the left 
lung. 

The Aortic Arch {Jig. 541) is the por- 
tion of the aorta lying in the superior/ 
mediastinum. It begins where the as- 
cending aorta leaves the pericardium, 
which is at the level of the sternal angle. 
It arches backwards and to the left above 
the root of the left lung, rising half way 
up the manubrium stemi and reaching 
the vertebral column at the lower border 

it 

of the 4th thoracic vertebra. Thereafter, 
as the descending thoracic aorta, it tra- 
verses the posterior mediastinum in con- 
tact ^^ith the bodies of the lower eight 
vertebrae, first on their left side, but' 
gradually gaining the middle line. 
Finally, at the disc between the last 
thoracic and the first lumbar vertebra, 
it passes behind the median arcuate liga- 
ment of the diaphragm to become the 
abdominal aorta. 

The Trachea and Oesophagus (figs. 542, 
54s). In the superior mediastinum these 
are seen to lie in front of the vertebral 
column, just as they do on the right side. 
The oesophagus, however, projects to the 
left distinctly beyond the edge of the 
trachea. In the angle between the tra- 
chea and oesophagus runs the left recurrent 
laryngeal nerve. On the side of the oesoph- 
agus, the thin walled thoracic duct as- 
cends embedded in a film of fat. As 
these four structures run parallel and to- 
gether, like a bundle of sticks, they 
should be thought of collectively and re- 
garded as a “unit’’. The aortic arch 
crosses not only one of them, but all four. 
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The Left Common Carotid and Left 
Subclavian Arteries {fig, 544) from 
the convexity of the aortic arch, where it 
crosses tlic trachea, and pass obliquely 
upwards and backwards in semispiral 
fashion round the '‘nnii”, and therefore 
cross in turn the trachea, recurrent nerve, 
oesophagus, and thoracic duct. At a 



Fig. 542. The trachea and oesophagusjaecn 
from the left side. 

(44 

(3) 

.( 2 ) 

(0 

Fig. 543. Four parallel structures— **a unit" 
(transverse section). 

higher level the duct passes bdhind the 
common carotid artery and the ottier 
contents of the carotid sheath. 

The Left Phrenic Nerve (fig, 545) en- 
ters the thorax between the subclavian 
artery ancLvein (at the beginning of the 
innominatiK^ein), and runs a subpleural 
course, being covered throughout with 
mediastinal pleura. It crosses either an- 


H O R A C I C 
— — OESOPH, 
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terior or posterior to the internal mam- 
mary artery, passes in front of the root 
of the lung, and is the sole motor nerve 
to its own half of the diaphragm. 

Now, in the foregoing respects the left 
nerve is identical with the right. In the 
following respects it differs: The left 
nerve descends on the side of the, com- 
mon carotid artery, which conducts it to 
the aortic arch; this it crosses anterior 
to the vagus nerve. Thereafter, it is 
applied to the left side of the pericar- 
dium, which separates it from the stem of 



Fig. 544. Arteries ascend the "unit" in 
semispiral fashion. 


the pulmonary artery, the left atrium, 
and left ventricle. 

The Left Vagus Nerve, after traversing 
the neck within the carotid sheath on the 
lateral side of the carotid artery, con- 
tinues through the superior mediastinum 
on the lateral side of the same artery, 
and, therefore, between it and the sub- 
cla\dan artery. These two arteries con- 
duct it to the aortic arch which it crosses 
to gain the back of the root of the lung. 
Thereafter, it passes to the oesophagus 
and behaves like the right vagus. 

The Left Recurrent Laryngeal Nerve 
springs from the vagus where^Jhe latter 
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crosses the left side of the aortic arch. It 
then passes below the arch and up on its 
right or medial side to gain the interval 
between the trachea and oesophagus where 
it has already been studied 697). 

It is preferable to speak of the left 
recurrent laryngeal nerve as taking a 
recurrent course around the ligaraentum 


the (left) pulmonary artery to the ^left) 
aortic arch. The brain, head, neck, and 
upper limbs were thereby assured of the 
purest blood, because the ductus dis- 
charged into the aorta beyond the origin 
of the left subclavian artery. The aortic 
end of the ligamentum arteriosum is, 
therefore, to be sought just beyond the 


R.or^dL. rocijtrrord 
IcxTcyrvqcotb rwtv. 



arteriosuna rather than around the aortin 
arch. The ligamentum arteriosum is the 
obliterated posterior half of the primitive 
VI left aortic arch; the beginning of the 
left pulmonary artery being its ventral 
half {fig. 69^). In fetal life the liga- 
mentum 'arteriosum was a patent vessel^ 
the ductus arieriosus. Its duty was to 
exdude or partially to exclude the 
functionless lungs from the circulation by 

‘^short-circuiting” the impure blood from 

'it- 


origin of the left subclavian artery, on the 
concave side of the arch. 

Two cardiac nerves arising in the neck, 
onS from the vagus the other from the 
sympathetic trunk, cross the aortic arch 
between the left phrenic nerve in front 
the left vagus behind {fig. 644), and join 
the superficial cardiac plexus^ which lies on 
the immediate right of the ligamentum 
arteriosum. 

The Left Superior I ntercostal V ein^ being 
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in paft the equivalent on the left side of 
the body of the arch of the azygos vein 
on the right side, passes lateral to the 
vagus nerve and medial to the phrenic 
nerve as they cross the aortic arch. It 
drains the 2nd, 3rd, and 4th left inter-* 
costal veins into the left innominate vein. 
Its embryological value is given in 
figure 579. 

The (f esophagus. In the upper half 
of the posterior mediastinum, the left 
side of the oesophagus is concealed by the 
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might argue that since the stomach and 
intestines lie ventral to the descending 
abdominal aorta, the oesophagus, which 
is the upward continuation of the 
stomach, should be found ventral to the 
descending thoracic aorta; or again, if 
the i. V. cava pierces the diaphragm at 
the level of the 8th vertebra, the oesopha- 
gus at the 10th, and the aorta at the 12th, 
then, owing to the shape of the diaphragm, 
the i. V. cava should lie on a plane ventral 
to the oesophagus, and the oesophagus on 
a plane ventral to the aorta. But the 



Fto. Ci\7. Transverse section through pos- 
terior mediastinum, showing meso-oesophagus 
and general relations. 


Fia. 646. The thoracic portion of the 
oe.g6phagus (front view). 

descending thoracic aorta. In the lower 
half, the oesophagus crosses the aorta to 
gain the left side of the thorax and is 
clothed with left mediastinal pleura as 
far as the level of the 10th thoracic 
vertebra where it pierces the diaphragm 
(fig. 546). 

Does the oesophagus cross ventral or 
dorsal to the aorta? The answer is, 
“ventral”. ^The explanation, which is- 
embryolog^l and simple, is given in 
figure 503. As this is fundamental, you 
must nojb fail to appreciate it. You • 


most cogent and convincing argument is 
the embryological one. 

Pass a wicker stick through the 
oesophagus, to render palpation more easy, 
and note its relations (1) to arteries and 
(2) to pleura: (1) Several arteries inter- 
vene between the oesophagus and the left 
mediastinal pleura: they are the left 
common carotid artery, the left sub- 
clavian artery, the aortic arch, and the 
descending thoracic aorta. (2) The left 
mediastinal pleura is in contact with the 
oesophagus at two sites, (a) in the angle 
between the aortic arch and the left 
subclavian artery, though even here the 
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thoracic duct intervenes; and, (b) in the 
lowest part of its thoracic course. Here 
it is attached to the front of the aorta by 
a meso-oeso'phagus, formed by the meet- 
ing of the right and left sheets of medias- 
tinal pleura {fuj. ^7), With a hand in 
each pleural cavity, let the fingers meet 
behind the oesophagus, and satisfy your- 
self of this. This meso-oesophagus com- 
monly extends much further cranialbs 
thereby allowing the oesophagus to ad- 
vance several cm. from the vertebral 
column. The lungs then approacli each 


The subclavian artery crosses the cupola, 
divides it into an anterior and a posterior 
area, and disappears between the 
Scalenus Anterior and Scalenus Medius. 
Of its four branches, three are seen, 
namely, the internal * mammary artery 
passing downwards and forwards, the 
superior intercostal branch of the costo- 
cervical trunk passing downwards and 
backwards, and the vertebral artery as- 
cending. The union of the subclavian 
and internal jugular veins to form the 
innominate' vein takes place on the 
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Fig. 548. The cervical pleura-has been removed in order to display its immediate relations. 
(Viewed from below.) 


other behind the oesophagus, particu- 
larly on inspiration and with the subject 
erect. A lateral X-ray picture reveals 
this retro-oesophageal space. 

The Cervical Pleura (fig, o4S) (api- 
cal pleura, cupola, or dome of the pleura) 
rises to the neck of the first rib, which is 
an inch and a half above the sternal end 
of the first costal cartilage. It forms 
both the cupola of the pleural cavity and 
the floor of the root of the neck (fig, 
680). Instead of intercostal muscles it 
is protected externally by scalene mus- 
cles which are lined internally with a 
dense areolar membrane (Sibson^s fascia). 


cupola at the medial border of the 
Scalenus Anterior. From this point tne 
right innominate vein descends vertically 
somewhat in front of the innominate 
artery. 

Crossing the neck of the first rib sub- 
pleurally' are the superior intercostal 
artery j with the syrnpaihetic trunk medially 
and the branch of the anterior ramus of 
the first ihordcic nerve to the brachial 
plexus laterally.. The superior inter- 
costal artery supplies the first two inter- 
costal spaces from behind. The first 
thoracic sympathetic ganglion is largo 
and lies behind the vertebral artery. A 
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small twig, the ama siibblavu, passes in 
front of the subclavian artc^ry to join the 
lowest cervical ganglion 

The phrenic nerve enters the thorax 
between the subclavian artery and in- 
nominate vein, and descends subpleu- 
rally: the right phrenic — on the side of 
the great vein; the left phrenic — on the 
side of the carotid artery. The right 
vagus epters the thorax medial to the 
phrenic nerve, between the same artery 
and vein, and here gives off the right re- 



Fig. 549. The sympathetip trunk and splun- 
chaic nerves. 

current nerve which winds tightly below 
and behind the subclavian artery. The 
left vagus enters behii^ the left innomi- 
nate vein in the angle bet weeq the left 
common carotid and left subclavian arterKes. 
It passes behind the phrenic nerve, but is 
at some distance from it. 

The^Sympathetic Trunk (figs. 547, 
540 ). The thoracic pdrtion of the syin- 
patheticjj^tnmk is covered throughout 
with costal pleura, ^nothing intervening, 
and it lies a little wide of the mediasti- 


num. Nevertheless, it is well to consider 
it now, before its branches to mediastinal 
structures are destroyed. 

The sympathetic trunk extends from 
the base of the skull above, where fibei*s 
accompany the internal carotid artery 
through the carotid canal, to the coccyx 
belou, wliere it joins its fclloAv of the 
opposilt^ side in the ganglion* impar. 
Traced caudally, the trunks of the two 
sides become progressively closer to- 
gether. At the thoracic inlet each trunk 
lies medial to the superior intercostal 
artery. In the thorax each trunk crosses 
successively the neck of the first rib, the 
heads of the 2nd-0th ribs, the 10th 
costo-vertebral joint, and the bodies of 
the llth and 12th vertebrae. It con- 
tinues into the abdomen along the an- 
terior border of the Psoas, and therefore 
passes behind the medial arcuate liga- 
ment — though it may pierce the crus of 
the diaphragm. The intercostal arteries 
and veins cross the trunk posteriorly; so 
does the large branch from Th. 1 to the 
lower trunk of the brachial plexus. 

In front of each rib it has a ganglion. 
Xs ganglia are segmental structures, there 
is developmontally one for each of the 31 
pail’s of spinal nerves ; but, owing to their 
tendency to amalgamate, there are with 
fair constancy only 3 cervical, 11 tho- 
racic, 4 lumbar, 4 sacral pairs, and 1 
coccygeal (unpaired). The inferior cer- 
vical and the first thoracic ganglia are 
usually (about 65 per cent) amalgamated 
and may be referred to collectively as the 
stellate ganglion. The origin of the ver- 
tebral artery from the subclavian artery 
lies close in front of this ganglion ; so, it is 
not easily seen. 

Connections, From the anterior rami 
of a limited number of spinal nerves 
^ (all . the thoracic and the upper ^tw'O or 
three lumbar) a white ramus com- 
municans passes forwards and medially to 
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join the corresponding sympathetic gan- 
glion; while the anterior ramus of every 
spinal nerve without exception receives 
from a sympathetic gangKon one or more 
gray rami commiinicantes. From the 
upper five thoracic ganglia, gray non- 
medullated fibers pass to the cardiac 
plexus (lst-5th), posterior pulmonary 
plexus (2nd, 3rd, and 4th), and upper part 
of the aorta and the oesophagus. Eitlier 
the splanchnic nerves or the lower ganglia 
.supply the lower thoracic portions of the 
aorta and oesophagus From the (5th), 
6th, 7th, 8th, Dth, and 10th ganglia a 
large medullated neive, the great splanch- 
nic nerve, larger than the sympathetic 
trunk itself, luns downwards, just lateral 
to the azygos oi hemiazygos vein, pierces 
the corresponding (‘rus of the diaphragm, 
and ends in (he t*eliac ganglion. From 
the 10th and 11th ganglia the small 
splanchnic nerve iiins downw^ards and me- 
dially through the crus to end in the 
lower part of the celiac ganglion (aoitico- 
renal ganglion), while a branch of the 
12th ganglion, the smallest splanchnic 
nerve, takes a similar course to end in the 
renal plexus. 

Note, (a) Wliether a nerve be w^hite 
or gray depends on w'hethcr or not its 
individual nerve fibers have or have not 
medullary sheaths. After taking pait in 
a synapse a medullary sheath is usually 
lost, (b) The splanchnic nerves are in 
reality white rami communicantes that 
make “non-stop journeys” through sym- 
pathetic ganglia (Jig. 763) and end in the 
celiac and renal ganglia w^hence they are * 
relayed as non-medullated fibers, (c) 
The gray rami communicantes and the 
visceral branches to the aorta, oesoph- 
agus, heart, and lungs are non- 
medullated fibers that have been relayed in 
sympathetic ganglia, (d) Rami com-^ 
municantes obviously approach the 
sympathetic ganglia from the postero- 


lateial direction; whereas visceral 
branches pass from the antero-medial 
border. 

THE LUNGS (PULMONES) 

The shape of the lungs, like that of the 
liver and spleen, depends largely upon the 
surrounding structures, and the im- 
pressions these make are best observed in 
formalin hardened specimens. A Tull 
description of the form and relations of 
the lungs is in large measure redundant, 
since it is a descriptior? of the counter 
part of the parietal pleura already given. 

The lungs are conical (Jig. 550). Each 
lung has an ajA'x and ba.se, costal and 



Fig. 550. The lungs, anterior aspect. 

mediastinal surfaces, anterior, inferior 
and posterior borders, and a hilum. 

The apex rises to the neck of the first 
rib. 

The base or diphragmatic siu-face is 
concave. Because the right dome of the 
diaphragm rises mgher and is more con- 
ve:^ than the left dome, the right lung is 
shorter and its base is more deeply ex- 
cavated than the left. The right base 
overlies the liver; the left base 
the liver, stomach, and spleen. 

The costal surface may bulge slightly 
into the obliquely set intercostal spaces. 

The mediastinal sufface (fig. 552) bears 
the impress of the structures ^covered 
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with the mediastinal pleura. The most 
noticeable feature of this surface is the 
hilum of the lung and the attachment of 
the pulmonary lig. which descends from 
the hilum (fig. 561). In front of these, 



Fig. 551. The mediastinal surfaces of the 
lungs. This picture reveals the posterior, 
lateral and anterior relations of the peri- 
cardium. 


pericardial excavation; (a) the groove 
for the s. v. cava descends in front of the 
lung root; (b) the much larger groove for 
the i. V. cava ascends in front of the pul- 
monary ligament. The phrenic nerve 
and its vessels create no perceptible 
groove. Arching over the lung root, and 
therefore in the superior mediastinum, 
is the arcli of the azygos vein on the right 
side; the arch of the aorta on the left. 
The grooves produced by these two 
vessels can be followed downwards, be- 
hind the hilum and ligament of the 
respective lung, through the entire length 
of the posterior mediastinal surface. 
Only when the azygos vein is engorged is 
its groove well marked. The right mar- 
gin of the oesophagus produces a groove 
between the hilum and ligament of the 
right lung in front and the groove for the ' 
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Fio. 552. Impressions commonly made on tb^ mediastinal surfaces of the lungs. Of course, 
some intimate relations (e.g., phrehic n.) mak^ no impressions. 


the excavation caused by the pericard^ 
contents (i.c., middle mediastmum| lis 
deeper on the left side than on the 
because two-thirds of the heart lie on tne 
left of tie median plane. Two vertical 
grooves for the caval veins join the right 


azygos vein behind; the lower end of the 
left margin of the oesophagus makes an 
imprint on the left lung between the 
lower end of the left pulmonary ligament 
and the groove for the descending aorta 

(M 
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Throughout the length of the right 
lung above }he level of the arch of the 
azygo.s vein, there arc 3 grooves (or 
ar('as) for- the oesophagus, Irachea, ami 
s. v. (*ava (and its upward eonlinuation 
called the right innominate* vein). Be- 
hind the latter is the innominate artery. 
The right vagus makes no mark. 

Throughout the longtli of llie left lung 
above the level of the aortic arch, there 
are areas or grooves foi* — tlie left sub- 
clavian and lelt common carotid arteries 
whicli largely (‘onceal the trachea and 
oesophagus; and in front of the common 
carotid is the left innominate vein. The 
left vagus and the thoracic duct make no 
mark. 

As stated already, the lungs fill the 
pleural spaco! except at three sites, called 
the right and deft co.sto-diaphragmatic 
and left costo-mediastinal recesses. The 
lower limits of the costo-diaphragmatic 
recesses are related to ribs 8, 10, and* 
12; the lower borders of- the lungs are 
related to ribs 6, 8, and 10; so, they are 
two ribs higher. The cardiac notch, or 
“bite'' that the he.art takes out of the 
anterior border of the left lung, is great ei 
than the bite it takes out of the left 
pleura — hence the left costo-mediastinal 
recess. During in.spiration the lungs in- 
vade, but do not fill, the pleural recesses. 

The anterior borders of the lungs are 
pinched between the body of the sternum 
and the pericardium; so, they arc thin and 
sharp. On the loft side the cardiac 
notch extends from the fourth to the 
sixth costal cartilage. The pericardium 
here comes into contact with the left side 
of the sternum and is separated from 
the fourth, fifth, and sixth costal carti- 
lages by the two layers of parietal pleura 
that bound the costo-mediastinal recess 
and by the Transversus Thoracis. 

This area on the left side of the thorax 


unoccupied by lung is called “the area 
of superficial cardiac dulness”. 

Above the level of the sternal angle 
the anterior borders of the right and left 
lungs diverge and are grooved succes- 
' sively by the first rib, subclavian vein, 
and subclavian artery (or more precisely 
by the innominate vein on each side, the 
innominate artery on the right, the sub- 
clavian artery on the left). The inferior 
border projects into the costo-diaphrag- 
matic recess; so, it is sharp. The pos- 
terior border is massive^and rounded. 

Lobes and Fissures. In each lung a 
complete fissure, the oblique fissure, cuts 
through the costal, diaphragmatic, and 
mediastinal surfaces as far as the root. 
It crosses the posterior border 2J inches 
below the a])ex, and the inferior border 
about 2 inches from the median plane. 
When the arm is raised above the head, 
the vertebral border of the scapula prac- 
tically overlies this oblique fissure. On 
the right vsidc a second equally complete 
fissure, the transverse fissure, runs hori- 
zontally at the level of the 4th costal 
cartilage to meet the oblique fissure in 
the midlateral line. The right lung has, 
therefore, three lobes- -upper, middle, and 
lower; the left, two — upper and lower. 

The antero-inferior part of the left 
upper lobe is called the lingula. The 
lingula (lingular process) and the cardiac 
notch above it correspond to the middle 
lobe of the right lung. The middle lobe 
lies at the front of the chest, its tail- 
like apex reaching the midlatcral line. 
You can cover it with your own hand 
placed on your chest. 

, Variations. The number of lobes 
toay be decreased or increased. Thus, 
the middle lobe of the right lung is very 
commonly extensively fused with the 
upper lobe, and it is not uncommonly 
partially fused with the lower lobe; the 
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upper and lobes (of both lungs) are 
commonly fiisf‘d above the hiliim. 

The riu^lit lung may have six lobes— the 
usual (liree and three others. Thus, (a) 



Fig. 5o 3. Accessory lobes of the right lung 
Infracardiac lobe: Lobe of the azygos vein 


apex. It results when the apex of a 
(It‘veloping right lung encounters the 
aieh of the azygos vein and is cleft by 
it, a portion of thb apex coming lo lie on 
eaeli side of tlie vein {Jig. 553). 1'hc vein 
is suspended in a pleural ‘‘mesentery”, 
and it may eaus(» a shaddow by X-ray. 
(e) The inftaaitdiac lobe is constant in 
(puuliupeds. In them it intervenes be- 
tween juMicardium and diaphragm. In 
man tlu^ piuacardium fuses with the dia- 
phragm and the lobe is generally sup- 
pressed. Further, the right eparferial 
bronchus (i.e., the first branch of the 
right bronchus) may arise from the tra- 
chea, as in the shei'p and pig. 
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the superior segment of the lower lobe (i.e., 
apical or dorsal segment) is commonly 
either partially or completely separated 
by a fissuife from the lower lobe, (b) 
The lobe of the azygos vein, said to be con- 
stant in the porpoise, is really a bifid 


The left lung may have (a) the supe-* 
rior segment of the lower lobe and (b) the 
lingular segmeiit of the upper lobe par- 
tially or completely separated by fissures. 
Indeed, additional fissures have been 
described between most broncho-pul- 
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monary segments and between many sub- 
segments (Foster-Charter ). 

The Bronchial Tree (Jigs. o54y 556). 
The trachea bifurcates on the plane be- 
tween the superior and inferior medias- 
tina (4-5 disc) into a right and a left 
primary (main) hrmchus for the supply 
of the respective lungs. Each primary 
bronclius descends to the hilum of its 
own lung where it lies behind the pul- 
monary vessels and on a level with the 
5th and (ith vertebral bodies. On the 
right side it; gives off three secotuiary 
(lobar) hronchi, and on the left side, two, 
for the corresponding lobes of the lungs. 
The secondary or lobar bronchi divide 
into Urtiary (segmental) bronchi. Each 
tertiary or segmental bi*onchus, together 
with the portion of the lobe it supplies, 
is called a broncho~pul monary segment 
(Jig. 555). Th(M*e an? usually 10 broncho- 
pulmonary segments on the right side, 
and 8 on the left side; and their mouths 
arc visible through the bronchoscope. 
These are (‘onstant witliin certain limits, 
determiiKHl by minor variations in the 
branching of the bronchi. 

As the bronchi continue to branch and 
rebranch, the broncho-pulmonary ^ seg- 
ments subdivide into smaller and smaller 
subsegments, until the ultimate, called 
a lung unit, or primary lobule, is reached 
p. 530). 

Although it is customary to describe 
the right lung as having 3 lobes and the 
left as having 2, the bronchi are dis- 
tributed nearly symmetrically on the two 
sides. Indeed, did the left apical-pos- 
terior and the left anterior-medial-basal 
bronchi arise earlier, the similarity would 
be almost complete. ^ 

In man, who has assumed an upright 
posture, the natural method of emptying 
the tracheo-bronchial tree of accumulated 
secretion and particulate matter is by 
ciliary action and by coughing. But, by 


assuming various recumbent postures, 
the assistance of gravity may be ob- 
tained. This was appreciated by H. P. 
Nelson who investigated the bronchi with 
this fact in mind and described the par- 
ticular posture best suited to draining 
* into the trachea the contents which. 



RIGHT LEFT 

Fig. 555. The 10 right .‘ind S left bronelio- 
pulinonary segments. (After Jackson and 
Huber.) 

under pathological conditions, have ac- 
cumulated in a given bronchus. Others 
have related the broncho-pulmonary seg- 
ments to the surface of the lung and to 
the surface of the body, thereby indicat- 
ing where they are accessible to surgical 
treatment (e.g., removal or drainage) ; 
the bronchoscopist's approach (e.g., re- 
moving an aspirated foreign body) is via 
the larynx and trachea. 
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TABLE 19 

yamcs of the Broncho^pulmonary Segments 



RIGHT LUNG 


LK*T LUNG 


Lobes 

Scffmen ts 

J Lobes 

0 

Segments 

Fr)per 

Ali<l<lle 

f Apical 
( Posterior 
[ Anterior 

( J^ateral 
' .M«*dial 

1 

Upper ' 

' Upper 

Division I 

Lower , 

(Taiigular) { 
Division 

f Apical -posterior 
^ Anterior 

f Superior 
( Inferior 

* 

l.oK(‘r 

( Superior 

1 Medial Ba.sal 
< Anterior Basal 
j I/ati*ral Basal 
[ I'osteiior Basal 

T^ower 


Superior 

Antcriol-medial 

Basal 

Lateral Basal 
Posterior Basal 


Xomcnclaliirc. By t Ik* pioiK*ors various names, each appropriate in its own way, liavc been 
applied to the various broiieho-piilnioiiar 3 ' segments. From the many conflicting synonyms em- 
ployed, Jackson and Huber suggest the nomenclature that is adopted in this book because of its 
simplicity and ease Kaeli segment is named according to i(s position in a lobe. The term an- 
terior is preferred to peel oral, and lateral to axillary; all segments that contribute to the basal 
or diaphragmatic aiirfact* (»f the lower lobe arc described as basal; hence, medial-basal is pre- 
ferred to cardiac. 



Fio. 550. The distribution of the front view. (Alter Nelson, modified.'' 
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It can be observed that the right upper 
lobe bronchus (eparterial bronchus) arises 
1 inch from the tracheal bifurcation. 
After the course of 1 crp. it divides into 
its three segmental bronchi. The right 
middle lobe bronchus arises about 2 cm. 
below the upper lobe bronchus. The 
left upper lobe bronchus, corresponding 
to the right upper and middle lobe bron- 
chi, arises 2 inches from the traclieal bi- 
furcation. After the course of less than 


extrapulmonary bronchi give place in 
the intrapulmonary bronchi to plates of 
cartilage which are scattered irregularly 
around a circular lumen. The bronchi 
branch and rebranch until, as bronchioli 
,1 mm. or less in diameter, the cartilagej 
and mucous glands cease; cilia are foundl 
as far as the respiratory bronchioli. The| 
non-cartilaginous bronchioli now divide 
repeatedly, the smallest tiibgs being 
termed terminal bronchioli. Up to this 



Fiq. 557. The distribution of the right 
bronchus, side view. 


1 cm. it divides into its two segmental 
bronchi. Owing to its low origin the 
apical-posterior bronchus and its 
branches make a steep a.scent. The 
superior (dors^il) lower lobe bronchi of 
both sides arise almost opposite the mouths 
of the right middle and left upper lobe 
bronchi respectively. The posterior basal 
bronchus is the largest of the lower lobe 
segmental bronchi; it may be regarded 
as the continuation of the stem of the 
bronchial tree. 

Structure. The C-shaped bars of hy- 
aline cartilage found in the trachea and 



Fig. 55S. The distribution of the left bron- 
chus, side view. (After Nelson, modified.) 

point the branches of the bronchial tree 
are lined with a continuous layer of epi- 
thelium and, hence, are part of the purely 
conducting portion of the lung. Each 
terminal bronchiole gives rise to one or 
more respiratory bronchioli, which have 
■ alVeolar outpouchings in their walls and, 
so, are the beginning of the respiratory 
part of the lung. The respiratory bron- 
chiole ends in a number of alveolar ducts. 
^rom the latter arise the alveolar sacs 
and alveoli (air cells) (Jig. 559). Just as 
the paranasal air cells are variable in 
.shape and size, so are the terminal parts 
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of the respiratory system. In both in- 
stances one coiulition must be fulfilled — 
there shall t)e no unoccupied spa(;e. The 
finer ramifications of the bronchial tree 
remain fairly constant at about 0.3 min. 
in diameter. Whether or not there are, 
pores or perforations betwec'ii contigu- 
ous alveolar wies in man is disputed; in 
other mammals they seem to be present. 

Wisps, of involuntary muscle fibers 
are wrapped around the bronchioles as 


With or without a lens, finer lines are seen 
to subdivide these into primary lobules or 
luiuj units, each served by a respiratoiy 
bron(‘hiole. Thf units show to good ad- 
A'antage when the bronchial tree has been 
filled with a white or a pale yellow injec- 
tion mass. 

Blood Vessels of the Lungs. The Pul- 
monary Artery of each lung (fig. 561) 
(‘rosses over the main bronchus at the hi- 
luni and divides into 10 branches which 
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ITg. .Structure of a lobule of the lunj; 


far as the ends of the alveolar ducts 
where they form sphincters for the 
alveolar sacs. 

Lung Units. On the surface of the 
lung dark lines are .seen to enclcAsc poly- 
gonal, fields, 10-20 mm. in diametPr. 
They are the bases of piriform portion s of 
supp lied by bron^foTT 1 mm . or 
less in diameter, and enclosed by fibrous 
septa rendm^l black by inhalec? pigment 
contained m lymphatics. Thpsf> .are 
atpmical or secondary lobules (fig. 560). 


usually follow and (^ling to the postero- 
lateral or superior aspect of the segmental 
bronchi. They arc named after the 10 
right segmental bronchi. 

The Pulmonary Vein likewise has 10 
branches. Their main stems usually fol- 
low the medial or inferior asi)ect of the 
bronchi. Peripherally, however, the 
veins lie intersegmentally and drain ad- 
jacent segments — and arteries from 
adjacent segments may cross the in- 
tcrsegmental planes. Hence, a bron- 
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cho-pulmonary segment should not be 
considered to be a morphologic broncho- 
vascular unit. (Boyden.) 

On each side two pulmonary veins, an 
upper and a lower, ente» the left atrium of 
the heart; on the left side they come from 
the respective upper and lower lobes of 
the lung; on the right side the upper vein 
drains the upper and middle lobes. 



The Bronchial Arteries are to the lungs 
what the hepatic artery is to the liver. 
Derived on the left side from the aorta; 
on the right either from an intercostal 
artery or from the left bronchial artery, 
each bronchial art6ry follows the pos- 
terior wall of the bronchus. It supplies 
the bronchi, the walls of the pulmonary 
v^sels, and the lymph glands, and, after 
passing with radicles of the pulmonary 
vein through interlobular septa, it sup- 
plies the pleura. The blood delivered 
by the bronchial arteries is returned by 


radicles of the pulmonary veins, except 
that to the first two or three divisions of 
the bronchi which is returned by the 
bronchial veins to the azygos system 
of veins. 

In the rabbit it is the pulmonary 
• artery — not the bronchial— that supplies 
the lymphoid tissue and sends branches 
to the pleura. 

There is no anastomosis between the 
bronchial and pulmonary arteries, except 
in the capillaries of the respiratory bron- 



RIGHT LEFT 

. Fk;. 561. Scheme showing general relation- 
ship of pulmonary arteries to bronchi, anterior 
view. U, M, and L = branches to upper, 
middle and lower lobes of the lungs. 

chioles. This you might expect, for the 
bronchial arteries deliver arterial blood 
under high pressure; whereas the pul- 
monary artery delivers venous blood un- 
der low pressure. However, as a rare 
anomaly the bronchial artery replaces 
the pulmonary artery. 

^Lsrmph Vessels. The lymphatics of 
the lung are divided into two sets. One 
set drains the pleura, while the other ac- 
compan^s the bronchi, the pulmonary 
artery, and the pulmonary vein. Both 
divisions end in the lymph nodes at the 
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bilum of the lung, but there is little com- 
munication between them, except in the 
pleura. 

Nerves. The vagus and sympaiheiic 
(Th. 3, 4, 5) via the pulmonary plexuses 
supply the lungs. Afferent vagal fibers 
pass from the alveoli to the respiratory 
center to take part in the respiratory 
reflex. Efferent vagal fibers cause con- 



Fig. 562 . Excursion of bronchial tree in 
forced inhalation (dotted lines) and forced 
exhalation (solid black) from X-ray pictures. 
(After C. C. Macklin.) 

traction of the bronchial musculature; 
the sympathetic fibers cause relaxation; 
hence, spasms of the bronchi, as iiv 
asthma, are relieved by adrenalin. Each 
phrenic nerve is, of course, the sole motor 
nerve to the corresponding half of the 
diaphragm; but it is also the sensory 
nerve to thi| mediastinal pleura and to 
the central part of the diaphragmatic 
pleura. The intercostal nerves are sensory 


to the costal pleura and to a broad mar- 
ginal strip of diaphragmatic pleura (Jig. 
303). 

The visceral pleura, like the visceral 
pericardium and 'Visceral peritoneum, is 
insensitive to mechanical stimulation. 

' Movements. The alterations in form 
of the bronchial tree are shown diagram- 
matically in figure 502. Observe that 
during inspiration (a) the bronchi become 
longer and wider but undergo little, if any, 
angle change; and (b) the root of the 
lung moves downwards and forwards. 
This root movement is of particular im- 
portance to the apex of the lung and to 
the part bung postero-superior to the root 
which cannot expand either upwards or 
backwards seeing the upper and posterior 
parts of the bony thorax are practically 
fixed. They can, however, expand in the 
opposite direction (downwards and for- 
wards) thanks to the fact that the lung 
root moves in this direction. If for any 
Veason the root is fixed the apical region 
can hardly expand. 

Iiilustic fibres form a longitudinal net- 
work within the tunica propria through- 
(>ut the entire tracheobronchial tree and 
I Ins nelwoik is probably by far the most 
efficient part of the recoil mechanism of 
the entire lung. (Macklin.) 

The crying of a child at birth causes 
the lungs to expand, but not for a fort- 
night are they fully expanded, the order 
being antero-lateral, diaphragmatic, 
apical, and posterior areas (Todd). 

Surface Anatomy in the Living. The 
data given in the text on the positions 
and levels of viscera and other structures 
with reference to the vertebrae, costae, 
and sternum are from observations that 
may be made on the cadaver. Under 
dissecting room conditions the cadaver 
is supine, the elastic lungs have collapsed, 
the thorax is in the extreme phase of expi- 
ration, and the diaphragm, being relaxed. 
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is forced cranially and dorsally by the 
abdominal viscera. Now, X-ray exam- 
inations of the living adult subject, par- 
ticularly when in the erect posture, 
modify the cadaveric picttJre and show a 
general lowering of the viscera due to 
gravitational pull. Thus: 

The Tracheal Bifurcation, both in the 
cadaver and in the supine living subject, 
lies at T, 4—5; but when erect it is com- 
monly at T. 6 or even lower. Moreover, 
it descends during inspiration (fig. 615). 
During the first year of life it lies at T.3 
or 4; from the 2nd to 6th year at T. 4 
or 5; and from the 7th to 12th year at 
T. 5 or 6. The Domes of the Diaphragm 
fall nearly 1" when the erect posture is 
assumed; similarly the Aortic Arch may 
sink into the inferior mediastinum; and 


the Heart likewise descends (p. 537). 
The Oblique Fissure of (he Lung, during 
life, is much lower than in the cadaver. 
Its posterior (upper) end lies deep to the 
5th rib or 5th interspace; it follows the 
line of the 6th rib to its costo-chondral 
junction, which is 2" from the sternal 
margin. On the left side it is a little 
higher and more vertical than on the 
right. (Brock.) The Inferior Border of 
the Lung which on p. 525, crossfes ribs 
6, 8, and 10, lies at a lower level, reaching 
its lowest when the patient is prone. 
The Costal Reflexion of, the Pleura is 
quite variable posteriorly. Instead of 
crossing the 12th rib near its neck, it 
may cross as low as its tip, i.e., it de- 
scends to the level of vertebra L. 2 
(Lachman.) 



CHAPTER 18 


THE PERICARDIUM AND ITS 
CONTENTS 

The Pericardium (Gk. Peri = around; 
Kardia = tlie heart) consists of an outer 
fibrous sac which is lined with an inner 
serous sac into which the heart and the 
roots f)f the great vessels are invaginated. 
Hence, the serous pericardium has both 
a visceral and r parietal layer; whereas 
the fibrous pericardium has a parietal 
layer only. 

When the pericardium is incised and 
the pericardial cavity thereby opened, 
the heart with an intimate covering of 
serous pericardium is seen to project 
into the pericardial cavity in precisely 
the same manner as the lung covered 
with pleura, and the liver covered with 
peritoneum project into the pleural and 
peritoneal cavities respectively, dnd as 
the testis covered with tunica vaginalis 
projects into the cavity of the tunica 
vaginalis testis. This is not surprising, 
for these four serous-lined, potential cavi- 
ties were once continuous with each other, 
and together made up t!ie embryonic 
eelom. 

The Fibrous Pericardium might be 
^called the envelope of the middle medi- 
astinum. Within it are not only the 
heart but also the roots of the eight great 
vessels that proceed to or from the four 
chambers of the heart. In man, who 
walks erect, the fibrous pericardium 
blends with the central tendon of the 
diaphragm, but in quadrupeds it is sepa- 
rated from the diaphragm by the infra- 
cardiac lobe of the right lung, a lobe that 
is rudimentary in man (p. 526). The 
ascending aorta carries the pericardium 
upwards beyond the heart to the level of 


the sternal angle, where it has a rounded 
summit. Its vertical diameter in the me- 
dian sagittal plane is coextensive, there- 
fore, with the body of the sternum j that is, 
it extends from the level of the sterno- 
manubrial joint above to the xiphi- 
sternal joint below. Its left border 
curves downwards and laterally to the 
apex of the heart, passing just medial to 
the lig. arteriosum and, therefore, to 
the recurrent laryngeal nerve, which are 
outside the sac. The right border curves 
downwards, crossing the s. v. cava ob- 
liquely below the entrance of the azygos 
vein ; so, part of the s. v. cava is without 
and part within the fibrous pericardium 
{fig. 563). 

The Serous Pericardium {see p. 538). 

■ Obtain 5 wicker sticks 6-8 inches long. 
Pass (1 ) verti(;ally upwards through the 
i. v. cava, right atrium, s. v. cava, right 
innominate vein and perhaps into the 
right internal jugular vein {fuj. 563), (2) 
horizontally thiough the left pulmofiary 
artery, and right pulmonary artery (3) 
horizontally through tl’c left upper pul- 
monary vein, left atrium, and right 
upper pulmonary vein, and (4) horizon- 
tally through the left lower pulmonary 
vein, left atrium, and right lower pul- 
monary vein, and (5) up the oesophagus. 
If left in position and palpated from time 
to time, these sticks will as.sist greatly in 
obtaining a clear idea of the orientation 
and relationships of parts. 

The Heart. This muscular pump is 
somewhat larger than a closed fist. It 
has four chambers, the right and left cAria 
and the righi and left ventridea. The 
atria are separated from the ventricles 
by a constriction that completely en- 
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circles the heart and is appropriately 
called the airio-ventricular (coronary) sul- 
cus, The ventricles are separated from 
each other by the anterior and inferior 
interventricular (longitudinal) sulci. The 
notched antero-superior part of each 
atrium resembles a dog's ear and is called 
the auricle. 



Fig. 563. The fibrous pericardium and the 
channels through which 5 wicker sticks have 
been passed. 

The heart has 3 surfaces: sterno-cosial 
(anterior), diaphragmatic (inferior), and 
posterior (anatomical base); it also has 
an apex (i.e., the lowest and leftmost 
point). 

The Stemo-costal Surface of the Heart 
and Great Vessels. To be able to plot 
out this surface on the chest of the Jiving 
is of such obvious importance that we 
shall make it the key to the region. You 
should practice drawing it on paper ; and, 
in order that the finished sketch shall be 


more or less to scale, first draw the 
sternum : The body, consisting of 4 steme- 
brae, is to be more than twice the length 
of the manubrium. Project horizontal 
lines at the levels of the upper and lower 
.borders of the manubrium, and draw a 
suitably curved line to represent the dia- 
phragm, at the level of the xiphi-stemal 
joint. The region above- the upper line 
is the neck ; between the upper and inter- 
mediate lines, the superior mediastinum ; 
between the intermediate and lower lines, 
the middle mediastinum ; below the lower 
line, the abdomen. Insert the clavicles 
and the first, third, and sixth cartilages 
(fig. Sb% A). ^ 

1 . A vertical line drawn from the neck 
to the abdomen represents from above 
downwards the right borders of: 

a. The right jugular vein. 

b. The right innominate vein. 

c. The superior vena cava (s. v. c.). 

d. The right atrium. 

e. The inferior vena cava (i. v. c.). 

This line is situated less than a finger's 

breadth from the right margin of the 
sternum (fig. 564 B). 

2. On each side the jugular and sub- 
clavian veins unite behind the sternal 
end of the clavicle to form the corre- 
sponding innominate vein. 

3. The left innominate vein passes ob- 
liquely behind the upper half of the 
manubrium and joins the right innominate 
vein to form the superior vena cava. 
The site of junction obviously is behind 
the middle of the right mar^ of the 
manubrium (fig. 664 C). 

*4. The superior vena cava ends in the 
right atrium at the 3rd costal cartilage. 

5. The inferior vena cava pierces the 
diaphragm at the level of the xiphi- 
stemal joint, and after a course of half 
an inch enters the right atrium, at the 
level of the 6tjij;ostal cartilage. 

; 6. A slight bulge or convexity should 
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be added to the portion of the vertical 
line between the 3rd and 6th cartilages. 
It represents the right atrium, and is also 
the right border of the heart. 

7. An appropriately crenated, oblique 
line will define the left margin of the^ 
right atrium and at the same time the 
right part of the atrio-vcntricular sulcus. 

8 The inferior margin of the heart lies 
on the cpnvex diaphragm and, therefore, 
is slightly concave. It extends from the 
i. V. cava, a finger’s breadth to the right 
of the sternum, across the xiphi-stemal 


right margin, separates the right and left 
ventricles and represents the anterior 
interventricular sulcus. Portions of all 
four chambers ^re now outlined on this 
sterno-costal surface. The portion of 
left ventricle appearing on this surface 
can-almost be covered by a finger. 

-K. The ascending aorta is the segment 
of the aorta lying within the pericardium, 
and therefore in the middle mediastinum, 
and therefore below the level of the 
sternal angle, and therefore behind the 
1st sternebra. As the continuation of the 
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Fio. 504. The sterno-costal surface of the heart and the great veins constructed on projec- 
tion lines. 


joint to the apex of the heart, which is 
situated in the fifth left int(ircostaI space 
or behind the sixth rib, inches from 
the median plane. One-third of the 
heart, therefore, lies to the right of the 
midline; two-thirds to the left. 

9. Thwleft margin is roundrd, and 
passes from the apex to the second left 
interspace a finger’s breadth from the 
sternal border. 

10. The tip of the left auricle peeps 
round this margin in the second inter- 
space. ^ 

11. A line parallel to the left margin, 
and about f of the distance from it to the 


left ventricle, it passes upwards and to 
the right and overlaps the s. v. cava. 
Where it crosses the sterno-manubrial 
joint, it leaves the pericardium and be- 
comes the aortic arch. The arch passes 
backwards and to the left behind the 
lower half of the manubrium, and there- 
fore below the level of the left innominate 
vein, to reach the lower border of the 
4th thoracic vertebra on its left side. 
There, crossing the plane between the 
superior and inferior mediastina, it be- 
comes the descending thoracic aorta (Jig, 
565 A). 

13. The pulmonary artery ^ as the con- 


THE THORAX 


537 


tinuation of the right ventricle, passes 
upwards and to the left between the right 
and left auricles, which embrace it. 
It lies in front of and conceals the root 
of the aorta. Below the aortic arch it 
divides like the letter T into right and 
left pulmonary arteries; they pass to the 
roots of the lungs {fig, 665 B), Our 
study of the mediastinal pleura has 
taught us that the descending aorta 
passes behind the root of the left lung 
and that the s. v. cava passes in front of 
the upper part of the root of the right 
lung; so, the courses of the right and left 


the pericardium, beyond the origin of the 
subclavian artery. 

Surface Anatomy of the Heart. Figure 
560A depicts the surface anatomy of the 
heart of an average adult cadaver lying on 
. its back. During life, however, and 
standing erect X-rays give the lower posi- 
tion seen in figure 566B. The inferior 
border of the heart cro&ses the median 
plane 5.5 cm. below the xiphi-steTnal joint. 
From this it would appear that the dia- 
phragm passes from the xiphoid first 
dorsally and caudalwfjrds — not dorsally 
and cranialwards. While recumbent, the 



A B 

Fig. 565. (A) The aorta. (B) The pulmonary artery. 


pulmonary arteries are evident — the left 
passes anterior to the descending aorta; 
the right posterior to the ascending aorta 
and s. v. cava {fig. 663). Observe that 
the stick passed through the right and 
left pulmonary arteries inclines down 
wards from the left 2nd to the right 3rd 
cartilage; for later it will be seen that 
these arteries define the upper limit of 
the heart. 

14. The ligamentum arteriosum (ductus 
arteriosus), being the posterior segment 
of the left primitive sixth aortic arch, 
passes from the left pulmonary artery 
to “the aortic arch^' which it joins outside 


cadaveric position is almost achieved, 
except for the inferior border which is now 
3.5 cm. - below the xiphi-sternal joint. 
(Mainland and Gordon.) 

The pericardium is attached to the 
diaphragm ; so, the heart must ^ve with 
the diaphragm. Accordingly, aeep in- 
spfration and expiration have most ■effect 
on the position and shape of the heart 
{fig, 667), On inspiration it is a “vertical 
heart”; on expiration it is a “transverse 
heart.” Now, (a) a broad stocky build, 
(b) the recumbent position^ and (c) a dis- 
tended abdomen (e. g., pregnancy, gas, fat, 
and the large liver of childhood) are asso- 
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ciated with a hija;h diaphraf^m and, there- 
fore, with transverse hearts ; whereas those.* 
who are tall and vslender have vertical 
hearts. (Lae'hman . ) 

Serous Pericardium. Before examin- 
ing the inferior and posterior surfaces 
of the heart observe these three points 
about the serous pericardium: 

1. The S. V. Cava and I. V. Cava 
are clothed in serous pericardium in the 
same fashion as the ascending and de- 
scending colons are clothed in peritoneum; 


left atrium. The fingers, in fact, palpate 
the two horizontal sticks that pass 
through the pulmonary veins and left 
atrium, and reach upwards almost to the 
level of the stick that passes through 
the right and left pulmonary arteries 
(//>/. 

Cut across the i. v. c. as low as possible 
within the pericardium, raise the heart, 
cut vertically through the parietal peri- 
cardium heJiind the oblique sinus, and dis- 
play the descending aorta and the oesoph- 



that is, they are covered in front and at 
the sides, but they are bare postcriorl 3 ^ 

2. The Oblique Peki cardial Sinus. 
Let two fingers be passed upwards behind 
the heart, on the left of the i. v. cava. 
They eii|^r a recess comparable in shape, 
in size, and in that it lies on tlft left of 
the i.' V. cava, to the upper recess of the 
lesser sac of peritoneum that lies behind 
the caudate lobe of the liver. The sinus 
is limited at the sides by the two right and 
two left ijjlmonary veins (which having 
pierced the fibrous pericardium, soon 
enter the left atrium) as well as by the 
i. v. cava on the right. In front is th^ 



In thn living 

(From Laclmmii, after Mainhtml ainl (iorrlon.) 


agus situated betweeni tin* two lungs. 
Observe that the thickiu*ss of the peri- 
cardium and oc*sophagus is all that inter- 
venes l^etween the* left atrium and the 
ffKxl you swallow (figs. 5^7, 551 ). 

3. The Transverse Pericardial 
Sinus. Let the index and thumb meet 
behind the stems of the aorta and pul- 
monary artery. They do so in the 
transverse pericardial sinus. It is in- 
structive to pass a wicker stick (or a 
finger) through this sinus. It should be 
insinuated from the right side, between 
the s. v. cava and the ascending aorta, 
and encouraged to the left until it 
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einerges between ,, tJi.e^ left auricle and 
the pulmonaQr artery. The steins of tfie 
aorta and pulmonary artery may now be 
cut across and displaced, when the stick 
will be seen to lie in front of the s. v. 
cava and the upper portions of the right 
and left atria. It will be understood 
(1) that the stick could not have passed 
between the aorta and the pulmonary 
artery because these two vessels, having 
been formed by the splitting of a single 
vessel, the truncus arteriosus, are still 


along it. Its course is slightly oblique. 
The right and left pulmonary arteries, 
lying immediately above and parallel 
to the upper border of the atria and upper 
pulmonary veins, are exposed by strip- 
ping up the pericardium {fig, 699), 

The Inferior or Diaphragmatic Surface 
of the Hearti formed by the ventricles, 
is separated from the liver and stomach 
by the diaphragm. The inferior inter- 
ventricular sulcus divides this surface 
into a right J and a left f . 



(AIR BUBBLE IN SlCf-ACH) 
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Fig. 567. Tracings of radiograms of the heart and diaphragm of a healtliy adult male, 
showing their ever changing shapes and positions.' 


enveloped in t^ir original single sleeve 
of pericardium ; and (2) that the s. v. cava 
opens into the right atrium as a river 
opens into a take, i.e., without sharp 
demarcation, a tine cannot be drawn 
where the one ends and the other begins; 
hence, the ascending aorta, which is an- 
terior to the atria, is also anterior to the 
s. V. cava. 

The Upper Border of the Atria, which 
is also the upper border of the heart, 
should be exposed. This is done by. 
rendering prominent the stick traversing 
the right and left upper pulmonary veins, 
and then incising the visceral pericardium 


The Posterior Surface of the heart is 
formed by the atria. It is quadrangular. 
Like the inferior surface, it is divided into 
a right i and a left f, the dividing line 
rimning vertically between the i. v. cava 
and the two right pulmonary veins. The 
right end left pulmonary airories run 
along its upper border ; the coronary sinus, 
lying in the coronary sulcus, runs along its 
lower bonier. The oblique pericardial 
si^s lies behind the* left atrium. The 
pericaidium separates this surface from 
the descending aorta, the oesophagus, and 
on each side of these, the right and left 
lungs (Jig. 551), 
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Sulci. The atrio-venlricular (coro- 
nary) sulcus should be traced round the 
heart, which it completely encircles be- 
tween the atria and the ventricles. Fol- 
low it from in front of the i. v. cava, round 
the inferior margin, upwards across the 
'sterno-costal surface between the right 
atrium and the right ventricle, through 
the transverse pericardial sinus, and be- 
tween the 'left auricle and left ventricle, 
to the left margin of the heart. The 



Indicates site of contact of loft f)r niiclius 
with left atrium. 

Fig. ' 568. The posterior aspect of tlie heart. 


remainder of its course may be indicated 
by means of a (dotted) line that joins 
the point where it crosses the left margin 
to where it crosses the inferior margin 
(Jig, 570), This is seen when the apex 
is raised up. 

The anterior interventricular sulcus ex- 
tends from the coronary sulcus at the left 
of the root the pulmonary artery, doAvn- 
wards acrcro the stemo-costal surface, 
round the inferior border to the right 
of the apex. There it becomes continu- . 


ous with the inferior interventrictilar sul- 
cus, which continues backwards on the 
diaphragmatic surface to meet the 
coronary sulcus again at the left of the 
i. V. cava. The main cardiac vessels and 
the coronary sinus, often embedded in 
fat, occupy the sulci. 

The Ascending Aorta and the Pulmon- 
ary Artery lie within the fibrous peri- 
cardium behind the 1st stemebra, the 
pulmonary artery extending beyond its 
left margin to the 2nd intercostal space. 
Having a common derivation from the 
truncus arteriosus, they lie within a 
common sleeve of serous pericardium; so, 
the transverse pericardial sinus is behind 
them both. The upper parts of the 
atriaj their auricles, and the entering 
s. V. cava embrace the two great arteries 
from behind but fail to meet in front of 

f 

them. Here the pleurae and lungs cover 
them. 

, The Pulmonary Artery begins in 
front of the aorta and passes round it, 
going spirally upwards, backwards, and 
to the left until it reaches the concavity 
of the aortic arch where it bifurcates into 
the right and the left pulmonary artery. 
The steins of the right and left coronary 
arteries pass forwards, one on each side of 
the root of the pulmonary artery (Jig. 
570). The right and leff^ puhnonary ar- 
teries (a stick has been passed through 
them) lie along the upper borders of the 
atria and of the upper pulmonary veins 
like the cross stroke of the letter T, set 
slightly obliquely — the right limb is longer 
and lower than the left limb. Behind 
the right and left arteries lie the bronchi 
and the inferior tracheo-bronchial glands ; 
the glands exclude the oesophagus from 
contact (Jig, 599), 

The Ascending Aorta begins behind 
the pulmonary artery and passes ob- 
liquely upwards, forwards, and to the 
right to reach the right margin of the 
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sternum. Its posterior relations are the 
upper parts of the atria and the left 
margin of the s. v. cava, the right pul- 
monary artery (and slightly the right 
bronchus). * 

The Aortic and Pulmonary Valves. 
(The ascending aorta and the pulmonary 
artery were cut across, after a stick had 
been passed through the transverse peri- 
cardial sinus.) The circumference of the 
ascending aorta is seen to be, not circular 
but elliptical; for, where the current of 
blood expelled from the left ventricle 
beats against its right wall, it is enlarged 



Fio. 569. The aortio valve: on sagittal sec- 
tion, opened up. 


to form the bulb of the aorta. The aortic 
valve lies i" lower than the pulmonary 
valve; is postcro-medial to it; and faces 
a different direction (fig. 670). The 
aortic valve faces upwards, forwards, and 
to the right; the pulmonary valve up- 
wards, backwards, and to the left. Both 
valves prevent back flow of blood into 
the ventricles, and both have three semi- 
lunar cusps, the aortic cusps naturally 
being stronger than the pulmonary cusps. 

Each cusp has a fibrous basis covered 
on both surfaces with endothelium. At 
the middle of the free edge of each cusp 
there is a fibrous nodule y and on eacli side 
of the nodule there is a thin, crescentic 
area, the lunule (Jig. 669). When the 
valve closes, the nodules meet in the 


center of the lumen and the ventricular 
surfaces of the lunules of contiguous cusps 
are applied to each other. Perhaps the 
nodules prevent slipping. 

At the root of both arteries there are 
three dilatations, the sinuses (of Val- 
salva); one is placed external to each 
cusp. But for these sinuses, the cusps 
w'ould stick to the wall of the artery when 
the valve is open. The pressure of blood 
in the sinuses after ventricular systole 
closes the valve. 



Fio. 570. The coronary arteries placed on 
figure 5G5. 


The aortic orifice and the first quarter 
of an inch of the aorta are fibrous and not ^ 
dilatable; so, the valve remains compe- 
tent. The disposition of the cusps is 
explained on page 546 (figs. 678, 687). 

The Blood Supply of the Heart may be 
studied under 3 headings : 

(1) The coronary arteries and cardiac 
veins 

(2) fThe myocardial circulation, 

(3) The collateral circulation — 

(a) intrapericardial, 

(b) extrapcricardial. 

The Right and Left Coronary Arteries 
supply the heart. They spring from the 
(primitive) right and left aortic sinuses 
(Jig. 678) just below the level of the free 
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edges of the cusi)s. The three sinuses and 
cusps of the aoriJc* valve are referred to as 
the right and Icfti coronary sinuses and 
^ cusps and the non-coronary sinus and 
cusp. The two coronary arteries pass 
forwards, one on each side of the root of 
the pulmonary artery, sheltered by 
the corresponding auricle. 'J"hc main 
branches occupy the atrio-ventricular and 
intei-ventricular sulci (//>;. fj70). So, if 
you can picture the sterno-costal surface 
of tile heart, the courses of the art(Ties Avill 
present no difficulty. 

The Left Coro uirjf Artery divides into: 
(a) an mtervenfricular branch which de- 




• Fig. 571. Transverse sectwn of ventricles 
showing branches of coronary arteries plunging 
^ into the heart substance. (After Gross and 
Kugel.) 

scends in the anterior inleivtmtncuhjr 
sulcUvS to the sharp inferior margin of the 
heart, where it turns round inlo the in- 
ferior interventricular sulcus, and (b) 
a circumflex branch which runs in the 
atrio-ventricular (coronary) sulcus round 
the left margin of the heart. 

The Right Coronary Artery descends in 
the righf part of the atrio-ventricular 
sulcus, turns round the inferior marg^ of 
the heart in it, and divides into: (a) an 
interventricular branch which anastomoses 
in the inferior intcrveniricular sulcus with 
the interventricular branch of the left 
left cor^ary, and (b) a transverse branch, 
which anastomoses in the atrio-ventricu- 
lar sulcus with the circumflex branch of 


the left coronaiy artery. Ib^sends (c) a 
large r^farginal branch along the inferior 
margin of the right ventricle. 

Branches plunge at right angles from 
the sifeFace vessels through the heart sub- 
stance and anastomose richly {fig, 571), 

Anomalies. There may be only one 
coronary artery, the result of suppression 
of the main stem of one or other^artery. 
In this case the normal anastomosis 
between the branches of the two arteries 
in the atrio-ventricular sulcus is enlarged. 

Accessory coronary arteries spring from 
the aortic sinuses in about 4 per cent of 
hearts. They are the result of early 
division of a main coronary stem. 

V The Cardiac Veins mostly accompany 
the .‘irt(u'ies in the sulci and tend .to_Jie 
superficial to them; so, they are very 
easily depicted {fig. 572). Five of the six 
car’diac (coronary) veins mentioned below 
end in the coronary sinus. 

]' The (^oronary Sinus is derived from the 
‘•left limb of the sinus venariifti; it lies in 
the atrio-ventricular sulcus at the lower 
end of the oblique pericardial sinus; it 
is about an inch and a half long; it is 
covered with cardiac muscle; and it 
opens into the right atrium at the left 
of the orifice of the i. v. cava, where a 
valve, so-called, guards it. At its left 
end it receives the companion of the 
left coronary artery, called the great 
cardiac vein. This vein follows first the 
course of the interventricular branch 
of the left coronary artery and then the 
circumflex branch. The companion of 
the marginal artery, called the small 
cardiac vein, enters the right end of the 
coronary sinus. The companion of i the 
inferior interventricular branch of the 
right coronary artery, called the middle 
cardiac vein, ends in the coronary sinus, 
so do inferior ventricular veins from the 
diaphragmatic surface of the Ventricles, ' 
The oblique vein is a twig that lies behind 
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the left atrium and ends in the ^ronary 
sinus. Developmentally, the obligue 
vein is the terminal part of the left qo m- 
mon canlinal vein, and therefow the 
terminal part of the left superior vena 
cava, when such is present, ft is, there- 
fore, not surprising to find it continued 
across the front of the left pulmonary 
veins and artery as a thread lying within 
a pericardial fold (the vestigial fold of 
Marshall). 

One or two large anterior cardiac vems 
pass from the front, pf the right ventricle, 
across the atrio-veritricular sulciis, an^l 
open directly into the right atrium. 

The mouths of the great and small 
cardiac veins commonly have single 
cusped valves, but these are rarely (jorn- 
petent. Minute yeins, Thchcaian veinSy 
begin in tlu* heart wall and open directly 
into the chambers of the heart. 

The IWfyocardial Circulation. The 
heart muscle is provided with a vascular- 
ture more complex than that in most parts 
of the body where arterioles open into a 
capillary bed which in turn is drained by 
venules. Like the kidney, liver, and 
spleen, the heart has an arrangement 
peculiar to itself. This can best — indeed 
can only — be understood by reference 
to the facts of comparative anatomy 
and of embryology. Thus, the primi- 
tive vertebrate heart (the lamprey) is 
a non-vascular heart — there are no cor- 
onary vessels, and the myocardium is 
spongy or trabecular. It is nourished 
entirely by the blood within its chambers 
passing through intertrabecular spaces 
which extend right out to the epicardium. 
The same is true of the ventricle of the 
heart of the ^amphibian, except that its 
bulbus cordis has a cortex of compact 
muscle with a vascular supply. In the 
heart of the reptile the proportion of com- 
pact cortical muscle is great^; the coro- 


nary vessels are more important ; Thebe- 
sian veins are presei% 

The developing mammalian heart (the 
rabbit) is spongy, and early is nourished^ 
by blood contained in the intertrabecular 
spaces of the myocardium. Coronary 
veins appear later as outgrowths from 
the left horn of the sinus venarum and 
extend along the sulci. From them, 
branches spread over the surfaefe of the 
myocardium, enter it, and communicate 
with the intertrabecular sinusoidal 
spaces. Outgrowths from the endo- 
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Fig. 572. The cardiac veins placed on 
figure 505. 


cardmm give rise to epicardial capillaries 
which connect with branches of the 
coronary veins (and probably with the 
coronary arteries also later) to form the 
Thebesian veins of adult anatom^ they 
also connect with each other The co- 
ronary arteries then sprouL from the 
future aorta, spread over the heart, and 
unite with the capillary * network already 
forc^ed by the veins and intertrabecular 
spaces in the developing myocardium. 
With further ^ development the inter- 
trabecular spaces of the ventricles are 
for the most part reduced to capillaries 
and, being incorporated with the arteries 
and veins, persists as an integral part of 
the adult coronary circulation. The ac- 
Qcmpanying scheme (fig, ^73),^ which 
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indicates how the human (mammalian) 
myocardium is irqgatcd, now becomes 
intelligible. 

Numerous investigators, using media of 
different viscosities and at different pres- 
sures, have injected the coronary arteries,* 
coronary veins, and Thebesian veins and 
seem to have established the facts that 
(a) when physfological saline solution or 
india int is perfused through a coronary 
artery most (about 90 per cent) escapes 
into the lumen of the heart via the 
Thebesian veins,, and very little passes 
through the capillaries to the coronary 


Fio. 573. Scheme of the myocardial cir- 
culation. (After jBatson.) 

sinus, (b) Similarly, when a \ ein is 
perfused most escapes by Thebesian 
veins and a little passes ffnongh the 
capillaries to the arteries, (c) A fluid 
too viscous to pass thnnjgh tlie capillary 
bed will, when injected into an artery (or 
vein), escape into the lumen of the heart 
via the Thebesian veins, (d) A fluid 
too viscous to flow out through the 
arteries may yet, when injected intp a 
coronary .vein, enter the heart via the 
Thebesian veins. Evidently, then, the 
pathway from coronary vein via The- 
besian veins to the lumen of the heart 
is wider ^lan from coronary artery via 
Thebesian veins to tbe lumen, and 
this in turn is wider than the passage 
through the capillary bed. (e) It is fourid 
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that when particles (e.g., carborundum), 
too large to traverse either the capillaries 
or Thebesian veins of the heart or the 
capillaries of the lung, are injected 
during life into the external jugular vein 
of the dog, they accumulate in large 
numbers in the coronary sinus and in the 
veins on the surface of the heart. To 
get there they must have taken a retro- 
crade course in the veins (Batson). 

The Collateral Circulation, (a) Intra- 
vericardial. There are no end arteries ip 
the heart. There arc rich anastomoses in 
all layers of the hearfr; the main branches 
of the coronary arteries anastomose with 
each other, so do the precapillaries and 
the capillaries. Moreover, the anas- 
tomoses improve with age, the channels 
becoming wider, and in the epicardial fat 
they apparently increase in number. So, 
if on(i coronary artery (or branch) is 
slowly olditcrated, a collateral circulation 
oan be established. 

^ (b) Extrapericardial. If both coro- 
nary arteries are obstructed, there is an 
exl rapericardial (collateral circulation to 
be called upon, but it may not effectively 
answtT the call. Thus, injections of 
india ink into healthy coronary arteries 
in part follow the vasa vasorum and 
\'essels in the tunica adventitia of the 
aorta as far as the diaphragm, and of the 
pulmonary arteries as far as the lungs. 
Other anastomosing twigs pass through 
the pericardium with the four pulmonary 
and two caval veins to anastomose with 
branches of the internal mammary, bron- 
chial, and diaphragmatic arteries. 

As the coronary sinus and veins of the 
heart have no adequate valves, it is not 
impossible that blood may take a retro- 
grade course in the veins,^ irrigate the 
myocardium, and enter the lumen of each 
of the four chambers via the Thebesian 
veins. 

Note on the Development of the Heart. 
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The following facts assist in the appre- 
ciation of the relations of the various 
parts of the heart and explain certain 
anomalies; 

Elongation of the Tubular Heart. 
The primitive tubular heart received 
blood at its caudal end and discharged 



Fiont View Sul(‘ View 

Fki. 574. SehoPK' oi llio (l('\<‘]()[)ni<‘n( of tlie 
tubular heart. 


mesocardium. When the developing in- 
testine became much too long for the 
peritoneal cavity, it became convoluted. 
When the cardiac tube became somewhat 
too long for the pericardial cavity, it 
formed an S-shaped loop (Jig, 675). Its 
two caudal segments (sinus venarum and 
atrium) and the entering veins came to lie 
dorsal to the three cephalic segments of 
which the last (truiicus arteriosus) di- 
vided to form the ascending aorta and 
the pulmonary artery. Hence, the atria 
and the entering veins of adult anatomy 
lie posterior to tlie veAtricIes and the 
* emerging arteries (jig. J7^). "nie atria, 
cramped as it w^ere for space and prevent- 
ed from enlafging forwards, expand 
laterally on both sides of the truncua 
(aorta and pulmonary artery of adult 
anatomy) and largely embrace it. 


Tran«). pericardial sinus 



it from its cephalic end. This tubular 
heart had five sacculations — the sinus 
venarum, atrium, ventricle, bulbus ar- 
teriosus, and truncus arteriosus (Jig. 67 If). 
The constriction between the primitive 
atrium and ventricle becomes the coro- 
nary or atrio-ventrieular sulcus. Just as 
the intestine has a dorsal mesentery, so 
the tubular heart had a dorsal mesocar- 
dium. The transverse pericardial sinus is 
the result of a perforation m the' dorsal 


Perforation of the Dorsal Meso- 
cardium. In cojisequence of a perfora- 
tion in tnc mesocardium, the transverse 
pericardial sinus appears and the truncus 
arteriosus finds itself en\'cloped in a tube 
or sleeve of visceral pericardium. ^ Hence, 
when a septum divides the truncus into 
two, both resulting vessels (aorta and 
pulmonary artery) lie within a single 
pericardial sleeve in front of the trans- 
verse sinus. 
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The Oblique Picric ardial Sinus (p/;. 
538, 550), 

The Spiral Septum in the Trun- 
cus Arteriosus. The fact that a spiral 
septum develops within the truncus ex- 
plains the twisted courses of the pul- 
monary artery and ascending aorta 
around each other (fuj. 577). The course 
of the spiral septum was such that its 
cardiac end biseiitod the right and loft 
lateral cusps of the primitive four cusped 
valve of the truncus arteriosus; hence, the 
relative positions of the (h'finitive cusps 
of the aortic • and pulmonary valves 
{fig. 578). 

s. 


POSTERIOR ANTERIOR 

Fig. 576. Diagram of heart in sagittal 
section to show that the atria and ciiioriiig 
veins are posterior to the ventricles and iMuerg 
ing arteries. 

The upper end of the scpuiin led’t (he 
aorta connected to the upper 4 (or 5) 
paired primitive aortic arches, and the 
pulmonary artery connected to tlie 6th 
or lowest pair. That is why the pul- 
monary artery ends by bifurcating below 
the level of the definitive a^irtic arch 
{fig, 592). 

The Axial Rotation op the Heart. 
The heart undergoes a slight rotation on 
its long axis, opposite in direction to the 
\otation of the stomach. In consequence 
of this,^) the right atrium is conspicu- 
ous at the right margin of the heart and 
anteriorly ; the left atrium is conspicuous 



posteriorly; (b) the right ventricle is 
largely in front and slightly inferior; the 
left ventricle is largely inferior and 
slightly in front; and, as will be seen 
later, (c) the 'interatrial and interven- 
tricular septa come to face forwards and 
to the right (and backwards and to the 
left) ; so do both cusps of the mitral valve 
and the septal cusp of the tricuspfd valve, 
for these 3 cusps are approximately 
parallel to the septum; and lastly (d) the 
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Fig. 577. The spiral septum within the 
truncus arteriosus explains the twisted courses 
of the aorta and pulmonary artery. 


Post. Gv r\OT\- coronary cuap 



Fio. 578. The 4 cusped valve of the truncus 
splits to form 2 valves, each with 3 cusps. 
Axial rotation occurs, but it need not affect 
the nomenclature. 


cusps of the valves of the two great 
arteri^^s, which were originally disposed 
anteriorly, posteriorly, to right, and to 
left (fig. 578), share in the rotation. 
They undergo, so to speak, a ‘‘magnetic 
deflection” and coasc to face the four 
points of the compass. 

Terminology op the cusps. Various 
and often confusing names are given to 
the cusps of the aortic and pulmonary 
valves. It is simplest and^^ighly con- 
veni6^ to refer i^o the 3 cusps (and 
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sinuses) of tUe aortic valve as the right 
and left coronafy cusps (and sinuses) and 
the non-coronary cusp (and sinus) — for 
the right and left coronary arteries arise 
from the right and left ‘Reflected or ro- 
tated’ ' sinuses. The cusps (and sinuses) 
of the pulmonary valve are the ''deflected 
or rotated” right, left, and anterior cusps 
(and sinuses). These terms have the 
adviintage of expre.ssing the embiyological 
values of the cu^ps, and from them the 
topographical position ^ are easily deduced 
without taxing the m(‘niory. 


returns by either the (right) s. v. uava or 
(right) i. v. cava to the right side of the 
sinus venarum, and from it pa^se^ to the 
right side of the heart, the left side of the 
sinus venarum atropliies (or rather ceases 
to develop pari passu with the light side) 
and is known as the coronary sums. So, 
though the coronary sinus I)la 3 ^s the part^ 
of a vein, it was not as a vein thot it de-’ 
veloped, but as a pait of the lu^art, and 
even in the adult, cardiac muscle crivers it. 

If the left s. V. cava persists — and a 
specimen of such may b& seen in every 



Fig. 579. The veins: (A) Six veins enter the sinus venarum (B) Cross communication 
appear. (C) Only two of the six veins survive. They become the caval veins. (The pul- 
monary veins join the heart later.) (After Arey.) 


The Veins. Of the six veins entering 
the primitive sinus venarum (right and 
loft — vitelline, umbilical, and common 
cardinal) two survive, (a) the prehepatic 
portion of the right viteoline vein jind 
(b) the right common cardinal vein (figs, 
579^ 258), These become the terminal 
portions of the i. v. cava and s. v. cava 
respectively. The other four lose their 
connections with the heart. The estab- 
lishment of cross communicating veins — 
(left common iliac, left lumbar, left renal, 
left hemiaagigos, and left innominate) — 
render them unnecessary. 

Now, since the systemic venous blood 


museilm — it joins the coronary sinus; 
and on its way it bears the same relation 
to the left pulmonary vessels as the right 
s. V. cava bears to the right vessels, i.e., 
it crosses in front. 

Chambers of the Heart. The Right 
Atrium. SiXTERiOR. The right atriufh 
extends from the orifice of the s. v. cava 
behind the third ri ghts costal cartilage 
to the orifice of the i. v. cava behind the 
sixth right cos tal cartilage. It forms the** 
whole of the roun ded right border of the 
heart ; it also forms parts of the sjgrno- 
costal and posterior surfaces {fig, 564), 

* It Ss demarcated from the right ventricle 
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by the atrio-ventric‘uIar or ^oronary 
sulcus. The parietal pericardium inter- 
venes between it and the right phrenic 
nerve. It developed from the right half 
of the sinus venarum and right half of the 
primitive atrium which merged to forrh 
a single chamber. Tlie line of mergence 
is indicated oji th(‘ surface by a groove, 
the sulcus tcryninalis, which extends, as 
you would expect, from the front of the 
s. V. cava to tlie front of the i. v. cava. 

Interior. On opening the somewhat 
cubical atrium, ♦a j)ronounced ridge, the 


and is situated on the interatrial septum, 
which forms the medial ^11 of the right 
atrium. The right atrio-ventricular ori- 
fice, usually cabled the tricuspid orifice, 
takes the place of an anterior wall {Jig, 
The orifice of the coronary sinus 
opens between the orifice of the i. v. 
cava and the tricuspid orifice.' It is 
guarded by a fold, detached from the 
valve of the i. v. cava. This fold, often 
perforated like a piece of lace, is known 
as the valve of the coronary sinus. If the 
handle of the knife or tip of the forceps 
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Fig. 580. The right atrium. Exterior and interior 


crista tcrmiualisj is seen to (correspond in 
position to the sulcus tcnniujili.s on the 
exterior. The i)orlion of the atrium 
behind the crista is smooth. It do 
velopcd from the sinus venarum. Tlie 
portion in front is Irabeculated. It 
developed from the inimitive atrium. 
The parallel ridges running forwards from 
the crista terminalis towards ^he auricle 
are the musculi pectinati (fig. rj80). 
From the lower end of the crista ter- 
minalis a prominent fold of endocardium, 
the valve of the i. v, cava, passes in front 
of the ^ifice of the i. v. cava to become 
continuTOvS with the crescentic margin 
of a depression, the fossa ovalis. The 
fossa ovalis is the size of a thumb r\ail 


be passed up the i. v. cava from its cut 
abdominal end, it will be arrested by the 
crescicntic upper margin of the fossa 
ovalis. But in about 25 per cent of cases 
it will pass onwards through a valve- 
like slit in the septum, called the foramen 
ovaUj into the left atrium. This is the 
course much of the blood took until 
birth. 

The History of the Foramen Ovale is 
this : an antero-posterior partition, called 
the septum primum, grew downwards from 
the roof of the primitive common atrial 
chamber and divided it into right and 
left atria {fig. 581). But, before Sts 
lower end fused with the anterior and pos- 
terior endocardial cushions that divided 
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the common jprimitive atrio-ventricular 
orifice into tricuspid and mitral 
orifices, its connection \vith the roof was 
severed, giving it a free upper edge. A 
second partition, the septum secundum^ 
then grew downwards from the roof of the 
right atrium (and therefore on the right 
of the septum primum) till its free lower 
edge overlapped the free upper edge of 
the septum primum. It becomes the 
crescentic upper margin of the fossa 
ovalis. Until birth the blood from the 
i. v. cava is largely directed through this 
valve-like foramen. After birth the pul- 
monary circulation is established, the 


second left intercostal space (/ig. 568), 
It is demarcated from the left ventricle 
below by the atrio-ventricular or coronary 
sulcus. The right and left pulmonary 
veins open into it near its right and left 
margins, and between them is the oblique 
pericardial sinus. The pericardium sepa-) 
rates the left atrium from the oesophagus i 
and descending aorta posteriorly {fig. 604)- 
There is little to see inside this atrium. 
It is well, therefore, to preserve it un- 
opened till late, because this helps to 
keep ones bearings. ,The auricles are 
trabeculated ; the rest of the cubical 
cavity is smooth. The mouths of the 



COMMON 

ATRIUM 

A. 


INTERATRlAb 

SEPTUM 

B. 


FORAMEN 

OVALE 

C. 


Fig, 581. Develc^ment of left atrium; incorporation of the stem of the primitive ''common 
pulmonary vein”: The history of the foramen ovale. 


pressure in the left atrium rises, and 
the flap valve is closed. In about 75 
per cent of individuals the opposed sur- 
faces fuse. In 25 per cent of individuals 
the edges of the pri)fidte,ry and secondary 
septa overlap but fail to fuse; so, the 
foramen is patent anatomically, though 
closed physiologically {fig. 48). llarely 
the edges of the septa fail to meet ; the re- 
sult is a foramen patent both anatomically 
and physiologically. In consequence, the 
pulmonary circulation is disturbed and 
the child may be congenitally blue in 
colour. 

The Left Atrium forms two-thirds 
of the posterior surface of the heart and 
it peeps rouad the left border behind the 


four pulmonary veins open on the pos- 
terior wall; the left atrio-ventricular or 
mitral orifice replaces the anterior wall. 
The interatrial septum is set obliquely, 
hence i of the left atriiun and only ^ of 
the right atrium lie posferiorly {fig. 604). 
The foramen ovale, when patent, can be 
seen. ^ 

^ History. The trabeculated part of the 
left atrium is derived from the primitive 
atrium. The smooth part is formed thus : 
the primitive pulmonary vein, draining 
both lungs, passed forwards through the 
dorsal mesocardium and joined the left 
atrium (Jig. 681). Its stem and primary 
branches then became incorporated in the 
definitive left atrial wall and formed its 
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smooth part in the same way as the stems 
of the Wolffian ducts formed the trigone 
of the bladder. From this it will be 
understood that the number of pulmonary 
veins may be decreased or increased. 
Hence, the left atrium, like the right' 
atrium, has a double origin. The left 
limb of the sinus venarum becomes the 
coronary sinus, and docs not contribute 
to the formation of the left atrium. 

The pericardial cavity extends upwards 
into the widening dorsal mesocardium, 
which now transmits the two right and 
two left pulmonary veins, and separates 
them. The recess thus formed is the 



Fia. 5S2. Transverse section of ventricles — 
key sketch. (Viewed from below.) 

oblique pericardial sinus. Clearly, it cor- 
responds on the outside of the left atrium 
to the smooth part of the inside (fig. 
o8U C). 

The Ventricles lie in front of the atria 
(fig. 576). They form the apex of the 
heart, the entire inferior margin and dia- 
phragmatic surface, most of the jeft mar- 
gin and stemo-costal surface, and a trivial 
part of the posterior surface below the 
coronary sinus. On cross-section it is 
seen that the thickness of the walls of the 
two ventricles is proportional to the 
amount (A work each has to do. Before 
birth, both chambers pumped blood 
into the aorta — the left ventricle directly, 
the right ventricle via the ductus art#-. 


riosus — and their walls were equal in 
thickness. After birth, the left ventricle 
is the pump of the systemic system; the 
right ventricle of the pulmonary system, 
and the ratio of their thickness is 3:1. 
This explains why the interventricular 
septum bulges into the right ventricle, 
and why the cavity of the left ventricle is 
circular on section and that of the right 
ventricle crescentic. You might expect 
that the interventricular septum would 
occupy the median plane and that the 
two ventricles would present equally to 
the front; but the rotation of the heart to 



Fig. 588. Interior of the right ventricle 
showing relative positions of orifices: Incision 
for opening left ventricle shown hy interrupted 
line. 

the left (i.e., opposite in direction to that 
of the stomach) causes i of the left ven- 
tricle and I of the right ventricle to face 
anteriorly, and | of the left ventricle and 
^ of the right ventricle to face inferiorly. 
This is indicated by the positions of the 
anterior and inferior interventricular sulci 
(fig. 582). 

The cavity of the right ventricle is 
triangular (fig. 583 ) ; the cavity of the left 
ventricle is conical. The entrances or 
atrio-ventricular orifices are posterior; 
the exits or orifices of the ^lorta and 
pulmonary artery are superior; so, the 
blood pursues a V-shaped course within 
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the ventricles. Each exit is on the septal 
side of the ei^trance. Except near the 
exits, the ventricular walls are lined 
with muscular bundles, trabeculae carneae. 
Some are merely elevated ridges^ others 
are attached at both ends like bridges, 
and others form finger-like projections, 
the papillary muscles. One bridge, the 
moderator baud, passes from the septum 
to the base of the right anterior papillary 
muscle. In each ventricle an anterior 
and an inferior papillary muscle rise from 
the corresponding walls. Those on the 
left side are larger than those on the right. 
In the right ventricle small papillary 
muscles rise from the septum also. 



Fio. 584, Development of the interven- 
tricular septum. 

From the apices of the papillary muscles 
fibrous cords, chordae tcndineae, pass to 
the cusps of the atrio-ventricular valves. 

The portion of the right ventricular 
cavity preceding the pulmonary artery 
is smooth, is derived from the bulbus 
cordis, and is called the infundibulum. 
The , corresponding portion of the left 
ventricle is smooth, largely fibrovis and 
non-distensible, and called the aortic 
vestibule. It cannot contract and empty; 
neither can it dilate. The thinnest part 
of the muscular wall of the left ventricle 
is at the apex. 

The Interventricular Septum is fleshy 
except' at its uppermost part where an 
area, the size of a thumb nail, is mem- 
branous. The two parts have different 
origins. The fleshy part is an upgrowth 
from the apex; the membranous part a 


downgrowth from the interatrial sep- 
tum and right side of the root of the aorta 
(fig. 58Ji). Failure of the fleshy and 
membranous parts to fuse results in a 
“patent^' interventricular septum. The 
.pars membranacea septi is best seen from 
the right side after removing the septal 
cusp of the tricuspid valve. It can be 
felt between the finger and thumb placed 
one in each ventricle (fig. 588). » 

The Arterio-ventricular Valve on the 
right side is tricuspid \ on the left, bicuspid. 
Vesalius likened the bicuspid valve to a 
l)ishop’s mitre, hence the left valve is re- 
ferred to as the mitral valve. The chordae 
tendineae arc ajt.tachcd to the edges and 

TRICUSPID VALVE 



spread out. > 

ventricular surfaces of the cusps, and they 
leave the atrial surfaces free. In this 
way they do not offer obstruction to the 
incoming blood. The chordae of each 
papillary muscle control the contiguous 
margins of two cusps (Jig. 585). Hence, 
there are two papillary muscles on the 
left side and three, or groups of three, on 
the right. The bases of the cusps unite 
to form a short cuff which is attached to 
the fibrous atrio-ventricular orifice. The 
margins ?)f the cuvsps are dentate where 
the chordae are attached. The edges and 
surfaces of the cusps must meet when the 
valve is closed, otherwise the valve will 
leak. Therefore, the two cusps of the 
mitral valve are parallel to each other; 
they are also parallel to the septum; and 
also to the septal cusp of the tricuspid 
vjilve. All four structures face forwards 
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and to the right, and back^vards and to 
the left {figs, 582^ 587). The cusps of the 
mitral valve may be referred to as right 
and left, or as septal and marginal. Be- 
cause the right or septal cusp is interposed 
between the atrio-ventricular and the 
aortic orifice, it is commonly referred to 
as the aortic cusp. The current of blood 
passes over both surfaces of the aortic 
cusp and the chordae are largely confined 
to its margin. 

Stiucture. The papillary muscles, chor- 
dae tendineae, qnd cusps of the atrio- 
ventricular valves are developed from 
the (primitive) muscular spongework of 



Fig. 5SG. The primitive muscular sponge- 
work of the ventricles. 

the heart (fig. J8(j)] and in fetal life tlic 
cusps are both fleshy and \ascular. Be- 
fore birth the muscle fibei^ niid ( lu* vessels 
undergo regresvsion. In adult Ijii* muscle 
fibers are found in the bale’s of all five 
cusps; they include smooth nonstriated 
fibers. 

Blood vessels do not occur in the cusps 
of healthy human heart valves, pcept for 
1 mm. — 3 mm. at their bases. Inflated 
valves, however, do become vascularised. 
When valves, which are apparently 
healthy, are found to be vascularised, it 
is probable that they have recovered 
from an i||jPamatoiy infection (e.g., rheu- 
matic fever) and that the vessels 
have not completely receded. (Gross; 
Harper.^ 


The valves of certain domestic animals 
(horse, dog, cat, ox, sheep, goat, and pig) 
normally contain vessels ; they are vascu- 
larised. The valves of the rabbit, like 
those of man, are not vascularised. 

Surface Anatomy of the 4 Cardiac 
Orifices guarded by functioning valves — 
pulmonary, aortic, mitral, and tricuspid. 
These lie behind the sternum on an 
oblique line joining the 3rd left sterno- 
costal joint to the 6th right: thus, the 
pulmonary orifice is deep to the left 3rd 
sternocostal joint; the aortic orifice, being 



Fig. /)S7. The four orifices guarded by 
valves, showing the cusps, also the superficial 
muscle layer of the ventricle. (After Spalte- 
holz.) 

slightly lower, more medial, and more 
posterior, is behind the sternum at the 
level of the 3rd intercostal space; the 
mitral orifice, is still lower and more 
medial at the level of the 4th costal 
cartilage; and the tricuspid orifice is on 
the right of the median plane at the level 
of the 4th and 5th spaces. 

Structure of the Heart. The Skeleton 
OF THE Heart. A fibrous ring surrounds 
each of the four orifices guarded by 
valves (fig. 587). The aortic ring is the 
strongest and is like a cuff. Without the 
rings the orifices would stretch and the 
valves be rendered incompetent. The 
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rings are joined to each other, as shown in 
figure 588, and to the pars membranacea 
septi. In some animals, e.g., the sheep, 
there is a bone, os cordis y in the right tri- 
angular fibrous area (trigonum fibrosum). 

Musculature. The heart muscle, 
myocardium, is clothed externally with 
serous pericardium, epicardium, and is 
lined internally with endocardium, and 
subpericardially there may be much 
fat, especially in the sulci. 

The Atrial Musculature. The 
atrial walls are translucent. The super- 
ficial muscle fibers run transversely; the 
deep fibers arch over the atrium from 
front to back and are attached to the 
skeleton by both ends; other fibers en- 
circle the mouths of the great veins. 

The Ventricular Musculature 
{figs, rlDo, ^101). The ventricular 

musculature is composed of three layers — 
(a) superficial, (b) middle, and (c) deep. 

The Supcrricidl Layer. If you twist 
your coat sleeve to the left, the spiral 
creases thereby produced will indicate the 
direction in which all superficial heart 
fibers run, whether at the front, sides, 
or back of the heart. 

The Middle Layer. The middle layer 
of the left ventricle is a cylinder that sur- 
rounds the cavity of the left ventricle. 
It is the thickest and most basic layer 
of the whole heart. This cylindrical left 
middle layer is distinguished by possess- 
ing a free lower border. The fibers 
forming this lower border turn or roll 
upon themselves like the fibem of the 
lower border of the Pectoralis Major. 

Now, all fibers of the heart arise from 
the heart skeleton, and eventually they 
return to be inserted into the heart skele- 
ton. Those of the middle layer aiise 
from around the left atrio-ventricular 
ring and run from left to right across the 
front of the heart to be inserted around 


the pulmonary ring, conus tendon, and 
septal side of the aortic ring. 

The middle layer of the right ventricle. 
Its fibers arise .from the left a-v. ring, 
run around the back of the left ventricle 
to the posterior interventricular sulcus 
where (a) some run vertically downwards 
in the interventricular septum, while (b) 
others run round the venlricle to meet 
and interdigitatc with the septat fibers 
at the anterior interventricular sulcus, 
and from there they continue over the 
anterior surface of the l^ft ventricle. 

L. TRIGONUM 

FIBROSUM PULM.ROOT 



Fig. 58S. The skeleton of the heart. (After 
Todarc.) 


The Deep Layer. The deep layer is a 
direct continuation of the superficial 
layer which, after running obliquely 
downwards like a twisted sleeve on the 
superficial surface of the middle layers, 
turns around the lower border of the 
cylinder (or penetrates to the deep sur- 
face of the right ventricle^s middle layer) 
and then ascends to gain attachment to 
the heart skeleton either directly, or in- 
directly through the papillary muscles, 
chordae tendineae, and valve cusps. 

As the superficial fibers are turning or 
twisting around the lower border of the 
cylinder, they skirt it for a third of a 
circle before proceeding upwards as the 
fibers of the deep layer. As the mouth 
of the cylinder becomes more and more 
filled by these entering fibers, the orifice 
becomes jjrogressively narrower and the 
third of a circle, which the most super- 
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ficial fibers describe, becomes diminish- muscle is removed from any part of the 
ingly smaller until ultimately the apex is ventricular wall and examined, the fibers 
represented by a fibrous pinpoint. of the inner and outer surfaces are seen 

to run at right angles to each other, (b) 
Both ends of all ventricular fibers are 
attached to the heart skeleton, thereby 
insuring that the aorta and pulmo- 
nary artery shall not be shot from the 
heart, like a cork from a bottle, during 
ventricular systole, (c) Contraction of 
the superficial and deep layers serves to 
shorten the ventricles. Contraction of 
the middle layer results in narrowing the 
lumina of the ventricles, (d) Further, 
owing to its attachment to the pulmonary 
ring, etc. the nuddle cylindrical layer on 
contracting tends to pull the left ven- 
tricle forwards and to the right; so, in 
systole the heart rotates anteriorly and 
to the right and strikes the chest wall, 
(e) And still further, the ventricles are 
not emptied as, for example, the urinary 
(bladder is emptied, but the blood is 
wrung from the cavities like water from 
a <‘loth. (This description is based on 
work done by Ik Liebcl.) 
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Fig. 591. Dissections of the ventricles of the 
heart of the sheep. (By B. Leibel). 


Note^hoit (a) the ascending fibers of 
the deep layer take a direction at right 
angles to the descending fibers of the 
superficial layer. If, therefore; a blockiof 


(a) The simi-atnal node initiates the heart 
beat. It is a collection of peculiar, 
longitudinally striated cells, 2 cm. long 
by 2 mm. wide, situated along the upper 
end of the sulcus terminalis. It is sup- 
plied by the right coronary artery and 
right vagus nerve, (b) The atrio-ven- 
tricular node has the same structure and 
is situated in the interatrial septum be- 
side the mouth of the coronary sinus. 
It also is usually supplied by the right 
coronary artery (and the anastomoses 
are free and ample) but by the left 
vagus nerve, (c) The atrio-ventricular 
bundle (of His) is a pale bundle of pe- 
culiar muscle fibers about 2 mm. thick, 
enveloped in a loose sheath. It extends 
from the node, through the fibrous part 
of the skeleton, to the interventricular 
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septum. It skirts the hinder part of the 
membranous septum, and at the upper 
part of the muscular septum it divides 
into right and left branches. These de- 
scend in their sheaths, subendocardially, 
to the bases of the papillary muscles, 
that of the right side passing through the 
moderator band. In the properly pre- 
pared heart the whole system is easily 
injected with india ink and water. 
Purkinje fibers occur subendocardially 
in connection with the fibers of the a-v. 
bundle. 

Nerve Supply to the Heart, (a) 
Vagus y via two cervical cardiac branches 
and by branches arising from the vagus 
and the recurrent laryngeal within the 
thorax, (b) Sympatheiic, via three cer- 
vical cardiac branches (relayed in the 
cervical ganglia) and five thoracic cardiac 
branches (relayed in the upper five 
thoracic ganglia). The cardiac plexuses 
are described on page 502. t 

Distribution. Branches of the deep 
plexus find a ready path in front of and 
behind the (right) pulmonary artery to 
the back of the atria, which they supply, 
the right nerv’es controlling the sinu-atrial 
node; the left nerves the atrio-ventricular 
node. They also pass forwards, mainly 
on the sides of the pulmonary artery, and 
as coronary plexuses are distributed with 
the coronary arteries to the ventricles. 
The branches of the superjicial cardiac 
plexus communicate with the deep plexus 
and they descend in front of the stem 
of the pulmonary artery to join the right 
coronary plexus. The cardiac plexuses 
can easily communicate with the anterior 
pulmonary plexuses by branches which 
run laterally along the pulmonary 
arteries. 

The vagal fibers are cardio-inhibitory; 
the sympathetic fibers are cardio-ac- 
celerator, vaso-dilator, and sensory. 


THE SUPERIOR MEDIASTINUM 

Notes on the Development of the 
Great Arteries. In the embryo, the tho- 
racic contents ai% disposed symmetrically 
on the two sides; in the adult, this iden- 
tical bilateral symmetry is lost, largely in 
consequence of the disappearance of 
certain veins from the left side of the body 
and of certain arteries from the right 
side. Clearly, if you would appreciate 
the relations of the superior and posterior 
mediastina in the adult, you should have 
some knowledge of the Symmetrical ar- 
rangement in the embryo. Without this 
knowledge the anatomy of the region is 
unintelligible. The facts are simple and 
interesting; they explain many relation- 
ships and most of the common anomalies. 

The Veins. The disappearance of the 
left s. V. cava was rendered possible by 
the establishment of certain cross com- 
jnunications between the right and left 
veins, as described on page 547 (fig. 
570). 

The Arteries. In the embryo, six 
primitive aortic arches, which are com- 
parable with, though not identical with, 
the gill vessels of the fish, pass tlirough 
tjie ^ix visceral (branchial) arches on 
each side of the neck. (A) They connect 
the right and left primitive ventral aortae 
with the corresponding right and left 
primitive dorsal aortae, which fuse to form 
the descending thoracic aorta (fig. 592 A). 
(B) The vagus or tenth cranial nerve de- 
scends on the side of the pharynx and 
esophagus (or on the side of the trachea, 
aftef it is formed) and is separated from 
them by, and only by, the six primitive 
aortic arches. (C) The recurrent laryn- 
geal nerve on each side recurs below the 
sixth primitive arch to supply the larynx, 
upper part of the oesophagus, and the 
future trachea (fig. 592 B). (D) It is on 

the IV, V, and VI pairs of primitive 
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aortic arches and on the adjacent parts 
of the ventral and dorsal aortae that 
your interest is centered at the moment. 
Of these arches the IV pair belongs to the 
systemic circulation; the V pair is tran- 
sient and need not bo mentioned again; 
the VI pair may b?^ called, and should in 
any case be thought of as, the right and 
left pulmonarp arches ^ because, after the 
spiral <^plitting of the tmneus arteriosus 
into the ascending aorta and pulmonary 


VI right arch, which is thereby rendered 
useless, disappears also. The left ar- 
teries, having now to do double duty, 
enlarge. The .dorsal part of the VI 
left arch is the ductus arteriosus. It is 
utilized to deflect part of the circulation 
from the lungs during fetal life. At the 
time of ])irth it is a large vessel; after 
birth it becomes a fibrous cord, called the 
lig. arteriosum. (F) The definitive aortic 
arch has a four-fold origin from : half the 





Fig. 592. (A) The 6 paired primitive aortic arches. (B) Coronal secticwi of A showing that 
the arches separate the vagus nerves from the digestive tract. (C) A later stage of B explain- 
ing the courses of the recurrent laryngeal nerves. 


artery, this pair remains connected to 
the pulmonary' artery and unites it to the 
respective dorsal aortae. From each VI 
or pulmonary arch branches sprout into 
the corresponding lung; thereafter, the 
ventral portion of each VI arch becomes 
the stem of the corresponding right and 
left pulmonary artery of adult anatomy. 
(E) In man a certain economy is early 
exercised in the paired primitive aortic 
arch system, two pathways not being 
ret^^d where one would suflSce. Thus: 
(a) the portion of the right primitive 
dorsal aorta caudal to the III right arch 
disappears and (b) the dorsal end of |/he 


truncus arteriosus, part of the left primi- 
tive ventral aorta, the entire IV left 
primitive aortic arch, and part of the left 
primitive dorsal aorta. (G) The innomi- 
nate artery is derived from the right primi- 
tive ventral aorta. It is equivalent on 
the right side to the part of the definitive 
aortic arch lying between the origins of 
the innominate and left common carotid 
arteries; evidently it is much elongated. 
The right subclavian artery has greater 
value than the left subclavian artery be- 
cause it includes the IV right aortic arch. 
{See fig. 715.) 

Reptiles and Amphibia (e.g., the frog) 
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retain both a right and a left definitive 
aortic arch; birds retain a right arch; 
whereas mammals, including man, retain 
a left arch {fig, oOS). In rare instances 
man retains the early embryonic or 
symmetrical state of the frog, having 
both a right and a left aortic arch. Note 
particularly from the diagrams (1) that 
such a double aortic arch completely 
encircles the trachea and oesophagus — 
they lie within an arterial ring; (2) that 
the heart and ascending aorta lie in front 
of the oesophagus and trachea; (3) that 
the descending aorta li('s beliind the 
oesophagus; (4)t}iat fhe aortic arches pass 
backwards acioss the sides of llu^ trachea 
and oesophagus, and aich over and 
desc(»nd beliind (he bronchi and roots of 
the lungs; and (5) tliat I xi'ssels'^^right 
and left common •carotid, and right and 
left subclavian ai-teries — proceed from 
the arterial ring. 

The asymmetrical results consequent 
upon the disappearance of the caudal 
segment of the right primitive dorsal 
aorta are: (1) The left aortic arch en- 
larges and displaces the oesophagus 
slightly and the trachea markedly tb the 
right. Commonly it indents the lower 
end of the trachea and constricts the 
esophagus. ^2) The oesophagus lies to 
the right of the aortic arch and begin- 
ning of the descending aorta. (3) The 
innominate artery, derived from the right 
ventral aorta, is elongated or drawn out. 
(4) The left recurrent laryngeal nerve 
recurs around the ligamentum arteriosum 
(VI arch) which is overshadowed by the 
enlarged definitive left aortic arch. The 
right recurrent laryngeal nerve, in the 
absence of a right ligamentum arteriosum, 
recurs around the right subclavian ar- 
tery (IV arch). In other words, when 
the heart descends and the neck elon- 
gates, the recurrent nerves are dragged 
down by the lowest persisting aortic 


arches. In verification of this, note that 
in cases where the right IV arch (i.e., 
the stem of the subclavian artery) is 
absorbed and the arterial (diannel to the 
uppc*r limb is maintained by the caudal 
part of the right dorsal aorta (which 
passes posterior to the oesophagus and 
trachea) the right recurrent laryngeal 
nerve arises high in the nCck and passes 
directly to the larynx. (5) The ragi are 
held away from the pharynx, trachea, and 
oesophagus by the primitive aortic arches 






Fig. 593. Schemes of the aortic arch. 


and cannot make direct contact with 
them until the last arch is crossed. The 
last arch on the left side is the ligamentum 
arteriosum (\T) and on the right side, the 
subclavian artery (IV). 

Boundaries of the Superior Medi- 
astinum. The study of the superior and 
posterior mediastina is simple to those 
who have followed the descriptions of 
the mediastinal pleurae given on pp. 513- 
520 and who appreciate the vascular 
economics, just described, that result in 
the loss of bilateral symmetry. 

The superior mediastinum is the por- 
tion of the mediastinum above the level 
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of the pericardium {fig. 536). Behind^ 
it is bounded by the bodies of the upper 
four thoracic vertebrae, intervertebral 
discs, anterior longitudinal ligament, and 
the Longi Cervicis^ which extend down- 
wards to the upper two vertebral bodies. 
In front are the manubrium, and two 
strap-like depressor muscles of the larynx 
on each side.* Of these, the diverging 
lower ends of the Sterno-hyoids arise 
from the back of the stcrno-clavicular 
joint, and from the adjacent parts of 
sternum and c^vicles {fig. 667) \ the con- 
verging lower ends of the Sterno-thyroids 
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Fia. 504. CrosB-section of the superior 
mediastinum showing the arrangement of the 
contents. 

arise from the back of the manubrium — 
where they meet in the middle lino — and 
extend laterally to the first costal carti- 
lage. These muscles form fleshy cushions 
behind the sterno-clavicular joints and 
upper part of the manubrium. On each 
side is ^mediastinal pleura. An imag- 
inary, nearly horizontal plary passing 
from the stemo-manubrial joint t(^ the 
lower border of the body of the 4th tho- 
racic vertebra lies at the upper limit 
of the pericardial sac and arbitrarily 
ser^’es to separate the superior medi- 
astinum al&ve, from the anterior, middle, 
and posterior mediastina — collectively 
known as the inferior mediaslinum — 

Kplnw 


Contents. The various contents of 
this region were partially exposed from 
the sides when the mediastinal pleurae 
were examinedi They are now to be 
examined from the front. They are: 

(a) Retrosternal structures: 

1. Thymus. 

2. Great veins. 

(b) Prevertebral structures: 

1. Trachea 

2. Oesophagus 

3. Left recurrent [ a “unit’ 

ner\e 

' 4. Thoracic duct ^ 

(c) Intermediate structures: 

1. Aortic arch and its three great 

branches. 

2. Vagus nerves. 

3. Phrenic nerves. 

Their general disposition is well revealed 
in a transverse section {fig. 56/f). 

Retrosternal Structures 

The Thymus in the adult is an 
clongat(‘(I, eiica})sulate(l, fatty and lymph- 
oid niass, l}dng in tlio loose tissue behind 
the manubrium sterni. On each side of it 
are the diverging anterior borders of the 
lungs and pleurae. Behind it are the left 
innominate vein and thq aortic arch. 
The internal mammary vessels and the 
left innominate vein supply it. Little is 
understo(Hl of its function, its lymph 
supply, or of tlio twigs supplied to it by 
the sympathetic, vagus, and phrenic 
nerves. The th^'^mus lias two asym- 
metrical lobes, which are easily separ- 
ated from each other by blunt dis- 
section. 

Their early history accounts for their 
relationships. Arising from the right and 
left third pharyngeal pouches, each lobe 
migrates laterally between the primitive 
cephalic aortic arches, comes iptp ap- 
position with its fellow of the oppeisite 

Rid A in frnnt nf the TierieflLrdinm- wWmi 
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at this stage is situated in the neck. At 
birth its upper poles extend neaily to the 
lower poles of the thyroid gland (Jig. 



puberty, after which it diminishes 
rapidly. In children who die a violent 
death it is found to be large; in children 
who have suffered from febrile diseases, 
even for a brief period, it is small. 

. The Great Veins. The Left Innomi- 
nate Vdn is a cross channel that deflects 
the blood from the left side of the head 
and neck, and fiom lett upper limb to- 
wards the light or venous side# of the 
heart. Formed by the confluence of the 
left internal jugular and left subclavian 
veins behind the sternal end of the 
clavicle, it passes behind the upper half 
of the manubrium to unite with the right 
innominate vein half way down the right 
side of the manubrium to form the s.v. 
cava (fig. 59G). It is relieved from imme- 
diate contact with the sterno-clavicular 
joint and manubrium hy the Sterno- 
thyroid and Sterno-hyoid muscles. The 
th5anus gland also is in front of it. The 
aortic arch is below. The three great 



Fio. 590 Great vessels behind the manubrium (see figs 601 and 602). 


595), while its lower ends cover the upper branches of the arch and the four nerves 
part ofjtbe pericardium. that cross the arch are behind it. At its 

It is relatively largest and most ex- origin it grooves the left lung and is, 
tensive at birth ^"absolutely it is largest at therefore, in contact with the left pleuri. 
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In youth and when engorged, its upper 
border rises above the sui)rasternal or 
jugular notch into the neck where it is in 
surgical danger. 

The Right Innominate Vein is formed 
similarly behind the sternal end of the 
right clavicle. It descends vertically. 
After being joined by the left innominate 
vein, it continues vertically, as the 
Superior Vena Cava, to the 3rd right 
costal cartilage where it enters the right 
atrium. The s. v. cava projects beyond 
the right margin of the sternum and pene- 
trates the pericardium obliquely. The 
intra-pericardial portion has been ob- 
served to lie in front of the root of the 
« 

right lung and to be overlapped by the 
ascending aorta, the transveise peri- 
cardial sinus intervening. The exlra- 
pericardial portion has tlio azygos 
arch entering it from hehiiid at the 
upper border of the root of tlie lung 
(fig. f^3S). The right innominate vein 
and the extra-pericardial i)or(ion,.of tijo 
s. cava are cov(M'f<l with ]jl(Mi>»a and 
lung oh three sides, i.e., in front, on the 
right, and behind. Tin* ascending aorta 
and innominate artery aiv to the left. 
The right phrenic nerve and ir.s vessels 
descend in contact with the right wall of 
this vertical venous channel. 

Behind .the junction of the subclavian 
and innominate veins the phrenic nerve 
enters the thorax; beliind tlie innominate 
vein the vagus nerve enters tlu; thorax; 

The tributaries of the iiiiiominate \ (‘ins 
fall into tliree groups: 

(a) The internal jugular ^ind sub- 

clavian veins. 

(b) The thoracic or right lyrn])h duet. 

(c) Veins returning blood delivered by 
the branches of the subeJaiavn artery 
(the supra §>capular and the trans\ er.se 
cervical anileries excepted). They are: 
internal mammaiy, vertebral, and inferior 
thyroid veins and the vein from the ist 


intercostal space.* The left innominate 
vein also receives the left superior inter- 
costal vein from 2nd and 3rd spaces, 
pericardial and, thymic twigs (fig. ()81). 

The Prevertebral Structures 

The oesophagus, trachea, left recur- 
rent nervt*, and thoracic duct mn parallel 
courses Ihrough the superior medias- 
tinum. They may be considered as a 
bundle or unit of 4 siructures (Jig. 597), 

'iTc oesophagus is directly applied to the 
bodies of the verl(d3rae of this region, the 
Longi C'ervicis alone partly intervening. 
The trachea, throughout its entire course, 
both cervical and thoracic, is in turn 
directly applied to the front of the oesoph- 
agus. H(‘l(m, it is indented and de- 
tlecled to the j'ight by the aortic :urh. 

thoracic duel asc(;nds along tlie I('ft 
bord(*r of |])(‘ oesoj)hagus. Tii(‘ JejL 
rrcnrrcut nrrrc .ai ises from th(^ vagus ]i(‘rv(' 
/)n th(‘ l(‘fl sid(‘ of t])e aortic arch, turns 
(ightl.N lomid ll'c Ix'vond llie attacli- 
menl ol the liaamciiium artc'nosum, and 
(‘ncounl(‘r.» lli(‘ lali'ial 1 raclieo-bronchiaJ 
]> inph glarub bclorc' asc(‘nding in the 
angle l)(‘t\\(‘(‘n the tra,ch(‘a and o(\s(>[)Ji- 

The Trachea and Extra-pulmonary 
Bronchi. Tin* tiachea b(‘gins wh(n*e the' 
larynx ends -;d; llu' lower bordc]- of the 
cricoid cartilnge, (jn a ievc'l with the (Hh 
cervical \ (‘rt('l)ra. Since it (aids by divid- 
ing into right and l(4t l)ronchi, on the 
plane betw'(‘(*n tin* superior and inferior 
mcHliastina, it follows that it ci‘ 0 SvSes 5 
veitebral bodi(\s (I ceiwical and 4 tho- 
racic). By palpation you may easily 
determine on yourself that the ci’icoid 
is as far above tlic jugular notch (2") as 
the sternal angle is bclow^ it (2"), making 
the total length of the trachea approxi- 
mately four inches. Therefore, half the 
trachea lies within the confines of the 
superior mediastinum (Jig. 666, p. 660), 
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It is constricted by the thyroid gland 
at its upper end, by the aortic arch at its 
lower end, and sometimes by the in- 
nominate artery on its^right side retro- 
sternally. It occupies the median plane 
except at its lower end where the aortic 
arch deflects it to the right. About 20 
U-shaped rings of hyaline cartilage keep 
its lumen patent ; the ring ah the bifurca- 
tion has a Carina or keel that supt)orts 
the “crotch” of the trachea. Similarly 
shaped rings keep the extra-pulmonary 



Fig. 597. The four prevertebral structures 
that run a parallel course and constitute a 
“unit.” 

and first inch of tlie intia-pulmonary 
bronchi patent. 

Rdaiionships of the Trachea {fig. 598). 
Throughout its entire thoracic (course the 
oesophagus lies behind it, and theleft 
recurrent nerve is in the angle between it 
and the projejcting left border of the 
oesophagus. The aortic arch, lying be- 
hind the lower half of the manubrium, 
is in contact with the anterior and left 
aspects of the lower end of the trachea and 
of the other constituents of the “unit”. 
The innominate artery (arising at the 
center of the manubrium), and the left 
c. carotid and left subclavian arteries 
(arising on the left of the center) wind 


round the trachea in semi-spiral fashion. 
In front of these is the left innominate 
vein. The right side is subpleural save 
where the innominate artery, right vagus 
nerve, and azygos arch intervene, thus: 
.the right vagus (on entering the thorax 
between the beginning of the right in- 
nominate vein and the beginning of the 
right subclavian artery) gives off its 
recurrent branch and takes a subpleural 
course obliquely downwards and back- 
wards, appliefl first to the right* side of the 



Fio. 598. The trachea and extra-pulmonary 
bronchi (lateral relations). 


innominate artery and then to the right 
side of the trachea. This it follows to the 
back of the right bronchus, where the 
azygos arch crosses lateral to it {Jig. 598). 
The left side is excluded from contact 
with pleura by the left subclavian and 
left common carotid arteries and by the 
arch of the aorta. Further, the right 
and left parts of the deep cardiac plexus 
occupy the right and left tracheo- 
bronchial angles and communicate with 
each other around the lower end of the 
trachea ; and the cardiac branches of the 
vagus and sympathetic that pass to the 
plexus run along the sides of the trachea. 

• TAe Right and Left Extra-pubnonary 
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bronchi (fig. 599). Of these the right 
bronchus is the larger (5:4) because it 
supplies the larger lung; it is the more 
vertical because the aortic arch deflects 
the traeliea to tlie right, lienee, foreign 
bodies aie more commonly aspirated into 
the riglit lung than into the left. The 
iirst blanch of the right bronchus supplies 
the upper lobe of the right lung, passes 
above the right pulmonary artery (epar- 
terial), and arises one inch or less from 
the trachea. The first branch of the 


(inferior tracheo-bronchial glands) (fig. 
o99). In front of the glands the right 
and left pulmonary arteries run obliquely 
along the upper ]t>order of the atria. A 
stick has been passed through them. 

The Cardiac Plexus surrounds th^ 
lower end of the trachea. It is divided 
into three subplexuses: right and Ij^t deep 
plexuses, wliich occupy the right and left 
trO'Chep-bronchial angles, and a 
ficial plexus, which lies above the bifurca- 
tion of the pulmonary artery, and there- 



A 


B 
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Fig. 5‘.)0. Relations of the lower end of the trachea and of the cxtra-pulnionary bronchi, 
shown serially. 


left bronchus, supplies the upper lobe of 
the left lung, passes Ix low tlie left pulmon- 
ary artery (hypartcrial), and h rises two 
inches from the trachea. 

The bronchi arise in front of the 
<xisophagiis, to the riglit of middle 
line, -on the plane between superior find 
inferior mediastina. Their relations are 
those^the rrjots of the lungs. On each 
side,^ tile angle lictwceu the tracdiea and 
the correspopding bronchus is occupied 
by lymph^i^nds (lateral tracheo-bron- 
chial); so also is the angle between the 
bronchi at the bifurcation of the trach<ja 


fore in the concavity of tlic aortic arch 
on the right of the ligamentum arterio- 
siun. Therefore — and this is a fact to 
grasp— *the different parts of the cardiac 
plexus lie along the upper borders 
of the riglit and left pulmonaiy arteries. 
The superficial plexus may be regarded 
as a detached part of the left deep plexus 
(Jlg^ 600). 

On each side, the plexus receives slender 
branches from the cervical and thoracic 
parts of the vagus and sym*pithetic. In 
the neck, an upper and a lower branch 
arise from the vagus below^e origin of 
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the superior Iar 3 mgeal nerve ; in the thorax, 
one or more branches arise either from 
the vagus or from its recurrent branch. 
From each of the three cervical and 

upper five (in any case 2 5) thoracic 

sympathetic ganglia, branches pass to 
the respective sides of the plexus. 

The nerves to the superficial cardiac 
plexus are the highest of the three left 
cervical sympathetic branches and the 


ISYMP. GANCLIAI 



lower of the two left cervical vagal 
branches. These both cross the aortic 
arch between the vagus and phrenic 
nerves. All other caixliac branches pass 
to the right and left deep plexuses. 

It is a simple matter for the deep and 
superficial plexuses t^' send fibers lat- 
erally aloiig the right and left pulmonary 
arteries to ^e corresponding anterior 
pulmonary ]^exuses and so to the lungs; 
to send other fibers downwards to the 
back of the Itria of the heart; and others 


along the pulmonary artery and ascend- 
ing aorta to the ventricles of the heart. 

The cardiac plexus is the highest of 
the four prevertebral plexuses — ^cardiac, 
.celiftCj, hypogastric, and pelvic, "it sup: 
.plies the heart and assists in the supply 
of the lungs. 

Intermediate Structures 
• 

The Aortic Arch and its 3 Ranches. 

As all the main and many of the detailed 
points about these vessels have already 
been noted at one time or another, the 
following paragraphs arc in large measure 
a review. 

The thoracic aorta is divided ana- 
tomically into ^ parts the ascending 

aorta, the ardi of the aorta, and the 
descending thoracic aorta. These occupy 
respectively the middle, superior, and 
posterior mcdiastina. To appreciate its 
course and relationships some knowledge 
^of its development is essential (p,$SS)i 

Develojmejttally, tlie aortic arch is * 
formed from the IV left primitive aortic 
arch with the adjacent segments of the 
primitive ventral and dorsal aortae and 
part of the tnincus arteriosus. It is, 
therefore, essentially a left aortic arch. 
Topographically, it is the part of the 
aorta that rises above the plane dividing 
the superior from the inferior medi- 
astinum. It is placed behind the lower 
half of the manubrium. Its direction 
is backwards from the right boi-der of 
the manubrium to the left border of the 
disc between 4 -5 thoracic vertebrae. A 
bullet erilcring the chest from the front 
mi^t almost traverse the arch • (ftg. 

sot). 

Surfaces and Relations, It bMKour 
aspects: a left-anterior, right-pollterior, 
convex upper, and coriwive lower. Its 
left-anterior aspect is touched by the 
right and covered by the left mediastinal 
pleura and lung, the thymus inter^’^ening. 
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It is crossed by four nerves {fig. (iOl ) — 
left phrenic, left vagus, and a branch from 
the vagus and the sympatlietic to the 
superficial cardiac plexus — and by the left 
superior intercostal vein. This vein. beam 
the same relationship to these nerves as 
the azygos arch and the end (jf the s. v. 
cava bear to the corresponding right 
nerves. Its right-posterior aspect curves 
past the “unit” of four parallel structures 
(trachea, oesophagus, recurrent nerve, 
and thoracic duct) and tlie nerves to the 


The branches of the vagus and sympa- 
thetic to the superficial and left deep 
cardiac plexuses cross respectively on the 
left and right sides of the arch and the 
plexuses are united below the arch. 
Above, its three branches arise, and in 
front of their stems lies the left in- 
nominate vein. 

Branches. The first two branches of 
the aorta are the right and left coronary 
aa. Hence, the three great vessels aris- 
ing from the arch are the 3rd, 4th, and 


UNIT OF FOUR 



Fio. 001. Cross section of superior medi 
astinum showing relations of the aortic arch 
(level A in fig, 596). 


left deep cardiac plexu.s, ^^hi(‘h run on the 
side of the trachea, ''riu' aivh ih, there- 
fore, convex to the left a.s well as upwards. 
Below, the pulmonary artery bifurcates 
into right and left branches. The liga- 
mentum arteriosum joins the left pul- 
monary artery to the concavity of the 
arch beyond the origin of the left sub- 
clavian artery. On the left of the liga- 
ment is the left recurrent nerve; on the 
right is the superficial cardiac plexus. 

The left^^current nerve, therefore, 
arises on the left, passes below, and 
ascends on the right of the aortic arcl]. 
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Fin. The elianging relations of the 

three great arteries as they ascend semi- 
spiralb^ around tlie “unit” (levels B and C 
in fig. 506). 


5th branches of the aorta. As the three 
great vessels describe partial spirals 
around the “unit of 4 parallel structures”, 
they necessarily have different relation- 
ships at different levels; these the dia- 
grams explain more briefly than words 
can (Jig. 002). They were described in 
part with the mediastinal pleura and 
trachea. Note their relations to : the man- 
ubrium and stemo-clavicular joints, the 
pleurae and lungs, the great veins, the va- 
gus and phrenic nerves. 

The innominate artery arises at the 
center of the manubrium and ends by. 
dividing into right common carotid and 
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subclavian arteries behind the right 
stemo-clavicular joint . The left common 
carotid artery arises just to the left of the 
innominate artery, but t^je left subclavian 
artery arises some distance behind the left 
carotid. These two vessels pass behind 
the left stemo-clavicular joint. 

On each side, two strap muscles 
(Stemo-hyoid and Slerno-thyroal) inter- 
vene between the arteries and the joint, 
and the origin of the coiresponding 
innominate vein overlaps tliem from the 
lateral side. 

Anomalies of the Aortic Arch. (1 ) 

Rarely both the righl and th(‘ left arch 
persist as in amphibia. They form an 
arterial ring through which the oesoph- 
agus and trachea pass. (2) Rarely the 
riglit arch [)er^ists and the hinder part of 
the left arch disappears as in birds, thus 
reversing the human scheme, with cor- 
responding reversal of tlie courses of the 
recurrent nerves. (3) Sometimes (al)out 
1^^) the hinder part of the right arch 
persists as th(' riglit subclavian arteiy 
and the anieiior part disappears. The 
right subchn’ian artery then arises as the 
fourth liranch ot tlie aortic arch and 
passes behind the oesophagus and trachea. 
'The righl recurrent ner\e is not dragged 
dow’n but, like the superior laryngeal 
nerve, descends behind the carotid arteries 
to the larynx. (4) Occasionally the 
aortic arch is constricted beyond the 
origin of the left subclavian artery - 
perhaps because this portion of the arch 
was in process of disappearing in expecta- 
tion that the right arch w^ould pci-sist, as 
in the bird. In consequence, a collateral 
circulation has to be established between 
branches of the subclavian arteries above 
and the aortic intercostals and inferior 
epigastric arteries below. They become 
very tortuous. The condition is known 
as co^arctation of the aorta, (5) Com- 
monly the left common carotid artery 


arises from the stem of the innominate 
artery, as is usual in many primates. (6) 
Commonly the left vertebral artery arises 
from the aortic arch. (7) The ductus 
arterioaus may remain patent, generally 
in combination with other cardiac anom- 
alies. 

The Vagus and Phrenic Nerves. 

Each Vagiis Nerve descends through the 
neck, applied to the postero-lateral side 
of the great carotid stem. Continuing 
into the thorax, it ^passes behind the 
sterno-clavicular joint and the innomi- 
nate vein ifig. 60S). The right vagus 
must cross the origin of the right sub- 
clavian artery (in front) and the innomi- 
nate artery (laterally and behind) in 
order to n'ach the trachea, wliich conducts 
it subpleurall}^ to the back of the root 
of the right lung. Above the root, the 
azygos arch crosses it. The left vagus 
continues to descend along the postero- 
Jateral side of the left carotid stem, and 
therefore in the angle between it and the 
left subclavian artery, to the aortic arch 
which it crosses far back in order to reach 
the back of the root of the left lung. 

Branches of the Vagi, In the superior 
mediastinum, each vagus is responsible 
for recurrent, cardiac, tracheal, and 
oesophageal branches. The right recur- 
rent nerve gives off a cardiac branch as 
it hooks round the right subclavian 
artery; the other right branches including 
one cardiac branch spring directly from 
the right vagus. All the left branches 
spring from the left recurrent nerve. In 
the posterior mediastinum, each vagus 
brealcs up to form a posterior pulmonary 
plexus, reunites, and breaks up again to 
form the oesophageal plexus, which sur- 
rounds the oesophagus. From this oeso- 
phageal plexus an anterior (left) and a 
posterior (right) stem, composed of fibers 
from both vagi, pass through the dia- 
phragm, one in front of the oesophagus, 
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the other behind it. Here are given off 
pleural and pericardial twigs. 

Each Phrenic Nerve enters the thorax 
between the subclavian artery and vein, 
and lateral to the vagus; lateral, ij. fact, 
to the thyro-cervical trunk which sepa- 
rates it from the vagus. The right phrenic 
follows subpleurally along the side of the 


of the vagus between the origin of the 
thyro-cervical trunk and the left com- 
mon carotid artery along whose anterior 
border the phrenic nerve descends to the 
aortic arch. 

Branches of the Phrenic Nerves. Each 
phrenic nerve is the sole motor perve of 
its own half of the diaphragm, via 
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great \ertical venous channel (through 
wliich a stick^was passed ) (fig. ^iSS) . The 
left phrenic nerve, in its strictly s^bpleural 
course, passes half-an-inch or moiQ, in 
front of the root of the lung, and is the 
most anterior of the four nerves that cross 
the aortic arch (fig. ^ To attain this 
position it is necessary for it to cross the 
path of thejfcgus, which descends behind 
the root of TOe lung. The crossing takes 
place subpleurally half-an-inch in front 


blanches which mostly pierce the dia- 
phragm and spread out subperitoneally. 
It furnishes sensory fibres to the peri- 
cardium and mediastinal pleura and to 
the central parts of the diaphragmatic 
pleura and peritoneum. The peripheral 
parts of the diaphragmatic pleura and 
peritoneum are supplied by the lower 
intercostal nerves. Through connections 
with the diaphragmatic plexus on the 
inferior phrenic artery; branches reach 
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the adrenal glands and, on the right side, 
the i. V. cava and the hepatic plexus. 

The nerves may profitably be sketched 
in figure 5(33. 

THE POSTERIOR MEDIASTINUM 

The Posterior Mediastinum is a passage 
or thoroughfare between the superior 
mediastinum above and the abdominal 
cavity below {fig. 60 ^). It is bounded 
behind by the bodies of the lower eight 
thoracic vertebrae, the interposed fibro- 
cartilaginous discs, and the portion of the 
anterior longitudinal ligament uniting 
them. In front are the pericardium and 
the diaphragm. On its right and left 
sides are the mediastinal layers of pleura. 
When these layers are traced dorsally, 
they are seen t(\ pass from the sides of 
the vertebral column on to the libs and 
intercostal spaces as the costal layers of 
pleura. . 

Contents. 

A. Longitudinal tubular stnictures: 

1. Descending aorta. 

2. Thoracic duct. 

3. Azygos and hemiazygos veins. 

4. Oesophagus (with vagus nerves). 

B. Transverse tubular structures: 

1. Aortic intercostal arteries. 

2. Thoracic duct (from right to left). 

3. Certain posterior intercostal veins. 

4. Left hemiazygos veins (cross 
channels). 

The sympathetic tjainks and the inter- 
costal nerves are covered with costal 
pleura and therefore are wide of this 
region. 

Postulate. The transversely running 
structures cling to the thoracic wall ; they 
supply the wall and, like the ribs, are to 
be r^arded as part of the wall (Jig. 605). 
The longitudinally runfting structures 
are contents of the thorax and lie within 
its walls. Rxpressed more briefly : trans- 


verse structures lie external to longi- 
tudinal structures {fig. 605). 

In embryonic life, three pairs of 
metrically placed vessels ran side by side 
throuj^ the entire length of the posterior 
* mediastinum {fig, 606). There were two 
arteries, two lymph trunks, and two^ 
chains of veins. The two arteries were 
medianly placed and, so, fused — as medi- 
anly placed vessels commonly* do^ — to 
form the descending thoracic aorta. Out 
of the laterally placed chains of veins, the 
(right) azygos and the (left) hemiazygos 
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Fig. 604. The posterior mediastinum (in 
transverse section). 

veins took form. The right interme- 
diately placed vessel became the posterior 
mediastinal portion of the thoracic* duetj^^ 
its left coimtcrpart is rarely if ev^ ' 
present in man. 

The" Descending Thoracic Aorta is the 
continuation of the (fe/0 aortic arph; 
so, natuJally it runs the first part of its 
coiltse rather on the left side of the bodies 
of the upper posterior mediastinal ver- 
tebrae (6, 6; and 7) which it commonly 
grooves or erodes. The descending tho- 
racic aorta, the abdominal aorta, and' 

^ Examples are the; Descending aorta, med- 
ian sacral artery, basilar artery, median ar- 
teries of the Bliitnal medulla; sagittal venous 
siihuBes, dorsal vein of the penis. 



AZYGOS' ^THORACIC DUCT. 
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the caudal aorta (median sacral artery) 
form a continuous arterial trunk, the 
result of the fusion of the two paired 
vessels, known as the right and left 
primitive dorsal aortae. 

A7Y(^OS V- TH niir.T 



HEMIAZYGOS V 


Fio. 605. Postulate: Horizontal structures 
in the^ posterior mediastinum belong to the 
thoracic wall and pass external to longitudinal 
structures. 



Fig. 606. Three symmetrically pfaced em- 
bryonic vessels. « 

Behind this trunk lies the vertebral 
cplumn. Incongruous it J^y seem, but 
it is the case that this arteiM trunk beats 
against the vertebral column throughout 
the whole l^fi^h of the posterior medias- 
tinum, abdomen, and pelvis without the 
intervention of any soft pidding of f»t 


or muscle to mitigate its ceaseless and 
incessant shocks. Crossing it pos- 
teriorly in the thorax are the slender stems 
of the left hemiazygos veins; in the ab- 
domen the left lumbar veins (3rd and 
4th); in the pelvis not even a vein 
intervenes. 

Throughout the course of the descend- 
ing thoracic aorta, the thoracic duct and 
the azygos vein, lie on its right postero- 
lateral side, and accompany it through the 
aortic orifice in the diaphragm at verte- 
bral level Th. 12 L. 1. The hemiazy- 

gos veins lie on its left postero-lateral 
side, and the left lung curves behind its 
upper part. 

On the left are the mediastinal pleura 
and lung. On its rujht are the oesophagus 
in its upper part; the right mediastinal 
pleura and lung in its lower part. In 
front are: (a) the root 'of the left lung 
including the bronchus, pulmonary art- 
f cry, pulmonary veins, and posterior 
pulmonary i)lexus; (b) the pericardium, 
which separates it from the oblique 
pericardial sinus and left atrium; (e) 
the oesophagus, which was to its right 
opposite r>, 6, and 7 vertebrae, is in front 
•md ])assing to the left side opposite 8, 9, 
and JO viulebrae; (d) the diaphragm at 
the level of tlie 11 and 12 vertebrae sepa- 
rates it from the upper recess of the lesser 
sac of peritoneum and from the caudate 
lobe of the liver. 

Its branches are (a) visceral: bronchial 
(p. 531) and twigs to the oesophagus, 
pericardium, and dikphragm; (b) pariet- 
al: lower nine pairs of posterior inter- 
costal and one pair of subcostal arteries. 

The Thoracic Duct. The primitive 
lymph ducts (fig, 606) were phylogeneti- 
caUy paired right and left vessels® that 
ascended through the posterior medi- ■ 
astinum on caoja side of the descending 
thoracic aorta, and through the superior 

* As in the frog and bird. 
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mediastinum on each side of the oesopha- 
gus till, reaching the root of the neck, each 
arched laterally immediately behind the 
carotid sheath (containing the common 
carotid artery, vagus nerve, and internal 
jugular vein) lo open into the angle 
between the subclavian and the internal 
jugular vein. Of the various prevertebral 
cross-communications between these right 
and left vessels, one lying on the plane 
between the posterior and superior 
mediastina, and therefore not subject to 
pressure by the aorta, enlarged (fig. 607). 
Thereafter, the flow of lymph is upwards 
(a) through the j)osterior mediastinum 
in the right vessel, (b) across the median 
plane in the cross-communication, and (c) 
onwards through the superior medi- 
astinum in the left vessel "IHiis devious 
channel is known m adult anatomy as the 
thoracic du(‘t. ^rh(' diagonally opposite 
segments ot the primitive lymph ducts 
severed connection with the thoracic 
duct. The lower left portion disappeai-s® 
(if indeed it ever existed in the human 
embryo) and the left intercostal lymph 
vessels mostly follow the example of the 
left hemiazygos veins in crossing the 
median plane beliind the aorta (ac- 
cording to postulate) and end in the 
thoracic duct (fig. 607). 

The thoracic duct begins as the effluent 
from the cisterna chyli, enters the thorax 
through the aortic opening in the dia- 
phragm, crosses the tw'elve thoracic and 
last cervical vertebrae and then curves 
laterally in the neck (p. 671) to end in 
the left jugulo-subclavian angle. 

The relationship of the thoracic duct to 
the vertebral column; to the aorta and 
azygos vein; to the right aortic inter- 
costal arteries and hemiazygos veins; to 
the oesophagus; to the right and left 
mediastinal pleurae; and^finally to the aor- 
tic arch, left subclavian, and left common 
carotid arteries need no elaboration here. 


Communicaiions. If the thoracic duct 
be cut deliberately or by accident, chyle 
(the product of the digestion of fat) 
escapes from the cut end. The fact that 
evil results rarely follow, provided the 
duct is tied, indicates that accessory 
lymphatico- venous communications must 
exist. The presence of numerous valves 
makes it difficult to determine by injection 
their sites in man. It is known that in 
the Xew' World monkeys the lymph 
vessels of the digestive organs and of the 
posterior extremities end in the venous 



system near the renal veins and do not 
jom the thoracic duct ; that in rats the 
lymph trunks communicate wdth numer- 
ous veins including the lenal, iliolumbar, 
portal, iliac, jugular, azygos, and verte- 
bral ; and that in cats there are communi- 
cat;ions with the azygos and intercostal 
veins, Man evidently possesses similar 
connections. 

Vari(\tions: Most of the variations 
PQIssible from diagram 607 have been 
observed. 

The (Right) Azygos Vein and (left) 
Hemiazygoa^^^eins are variable in their 
connections and only to be understood 
when their developmental history is con- 
sidered. They develop from symmetri- 
cally paired right and left chains of 
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posterior cardinal veins (Jig. o70). Be- 
low, each joined the abdominal chain 
through the crus of the diaphragm, or be- 
hind the medial arcuate ligament, or, in 
the case of the right vein, through the 
aortic opening. Each ascended lateral 
to the respective primitive lymph duct, 
arched over the root of the lung, where 
it was joined by the anterior cardinal 
vein (draining the head, neck, and upper 
limb) to form the respective common 
cardinal vein (duct of Cuvier), which 
opened into the sinus venarum of the 
primitive heart. The right common car- 
dinal vein became the end portion of 
the (right) s. v. cava; but the left one 
atrophied. How then is the blood from: 
(1) the left intercostal spaces, from (2) 
the left side of the head and neck and (3) 
from the left upper limb returned to the 
heart? By new cross-communications. 

A variable number of prcvertebral 
cross-cpnnections, two or more, join the 
left to the right posterior cardinal chain, 
(i.e., in terms of adult anatomy connect 
the upper and lower hcmiazugoH vrina to 
the azygos veirf) ; and, according to j)os(ii- 
late, these connections pass bcliind the 
aorta and thoracic duct . In the su]|^ior 
mediastinum a large retrov'^tcrnal A'oss- 
connection, the^ left innornmalm vein, 
joins the left to the ri^ft /nte'rior 
cardinal vein. The portion of the left 
anterior cardinal vein just caudal to this 
“new” left innominate vein remains in 
order to convey, though now in a reversed 
direction, blood from the left 2nd, 3rd, 
and 4th intercostal spaces. THis, the 
left superior intercostal vein, crosses the 
aortic arch between the vagus nerve 
medially and phrenic nerve laterally to 
end in the left innominate. The rujht 
superior ^interimtal vein (2nd, 3rd, and 
4th spaces) in the azygos vein. The 
1st posterior intercostal vein on each side 
ends in the corresponding*, innominate;. 


vein; the 6ih and subsequent veins end 
in the azygos or hemiazygos veins 

Ultimately, then, all venous blood 
above the diaphragm, that from the lungs 
and heart obviously excepted, returns to 
the heart via the (right) s. v. cava; and 
all venous blood below the diaphragm, 
including the portal blood, returns to the 
heart by the (right) i. v. cava. As in 
the thorax so in the abdomen, cross- 
communications (left common iliac vein, 
left renal vein, and s('veral lumbar veins) 
transfer blood from the left side of the 
body to the light side. 

The Intercostal and Subcostal Vessels. 
Th(' upper six pairs of anterior intercostal 
vessels (arteries, vdns. and lymphatics) 
an* branches of the internal mammary 
vessels; the succeeding three pairs spring 
from its musculo-phrenic brairchcs. The 
short 10th and IJtli intercostal spaces are 
^open anteriorly and do not receive 
anterior intercostal vessels. 

The upper two pnirs of posterior inter- 
costal arteries, called the superior inter- 
costal arteries, are derived from the sub- 
clavian arteries \ ia" the costo-cervical 
trunks. Having crossed the neck of the 
ist rib, between the sympathetic trunk 
medially and the branch of the 1st tho- 
racic nerve to the brachial plexus lat- 
erally, each supijlies the 1st space, crosses 
the 2nd rib, and supplies the 2nd space. 

The remaining nine pairs of posterior 
intercostal arteries spring from the back 
of the descending aorta. Those to the 
3rd and 4th spaces have necesvsarily a 
considerable ascent to make in order to 
reach their respective spiices. 

The subcostal artery with its vein and 
nerve leaves the thorax behind the lateral 
arcuate ligament and runs in front of the 
Quadratus Lumbomm. It is in series 
with the aortic intercostal and lumbar 
arteries. 
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Figure 605 schematically depicts the 
intercostal arteries leaving the aorta in 
the middle line; the intercostal veins 
passing to azygos and hemiazygos veins 
near the middle line; ahd the intercostal 
nerves entering the thorax by crossing the 
upper borders of the nocks of the ribs 
numerically below them and, therefore, 
wide of the vertebral bodies. 

These transversely' nnming vessels and 
nerves cling to the thoracic wall which 
they supply and of which they are a part, 
no structure intervening. The ends of 
the left hemiazygos veins and the cross- 
channel of the thoracic duct likewise 
cling to the wall. 

The Oesophagus extends from the 
pharynx to the stomach, and has, there- 
fore, cervical, thoracic, and abdominal 
portions. Like the trachea it begins at 
the lower border of the cricoid cartilage, 
at the level of the 6th cer\ical vertebra, 
and at a distance of 0 inches from the inci- 
sor teeth. It pierces the diaphragm Be-‘ 
hind the seventh left coital cartilage, an 
inch from the median plane, at the level of 
the 10th thoracic vertebra, and end.s in 
tlie stomach less tha>i an incli beyond. It 
is 10 inches long {fig, 608 ), It is constric- 
ted! at its origin, at the aortic arch, at the 
Tmcheal bifurcation, and where it passes 
through the diaphragm. At its origih 
and in the mid-thoracie region it occupies 
the median plane, elsewhere it is slightly 
on the left. It is, therefore, not only 
convex in conformation w ith the vertebral 
curvature, but also convex to the right. 

When considering thoracic relation- 
ships have special regard to: (a) the 
mediastinal pleurae and lungs, (b) the 
heart and great arteries, (c) the respii’a- 
tory tract, (d) the vertebral column, and 
(e) the thoracic duct. Ask ^ourself 
‘^Where could a sharp foreign body pierc- 
ing its walls puncture these structures?” 

Its right margin is in contact through- 


out with right mediastinal pleura and 
lung, save only where the arch of the 
azygos vein interposes itself, as it arches 
over the root of the lung. 

Its left margin is separated throughout 
from left mediastinal pleura and lung, 



saye at^»vo small areas, by the following 
4 Arteries : the left common carotid, the 
left subclavian, the arch of the aorta 
(where it arches over the root of the left 
lung at the level of the 4th vertebra^, and 
the descending aorta at the level of the 
6th, 6th, and 7th vertebrae. OWihe two 
areas in contact with pleura (a) one is at 
^he level of the 8th, 9th, and lOth verte- 
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brae where the oesophagus is ‘‘suspended*' 
from the front of the aorta by a meso- 
oesophagus which allows it to (airve 
forwards and to pierce the diaphragm. 
Here the oesophagus is in contact, with 
both right and left pleurae and lungs 
behind the pulmonary ligaments, (b) 
I'hc other area is in the angle between 
the aortic arch aYid the left subclavian 
artery, and here the thoracic duct is 
applied to its side. 

Its posterior surface is related to the 
upper ten thoracic,, vertebrae thus: with 
vertebral bodies 1-4 it is in practically 
direct contact as only the anterior longi- 
tudinal ligament and lowc]^ ends of the 
Longi Cervicis separate it. Intervening 
at the junction of the superior and poste- 
rior mediastina is the cross-channel of the 
thoracic duct. Intervening at the level 
of vertebrae 5, 6, and 7 are the thoracic 
duct, azygos vein, some right intercostal 
arteries, and (about this level) the cross- 
cliannels of the hemiazygos veins. . At 
the level of vertebrae S, 0, and 10, the 
descending aorta is gradually interposed. 
Finally, the oesophagus is well to the left 
of the median plane with left lung behind 
it, and here it possesses a meso-csophagus. 

Its anterior relations are as follows : the 
trachea and left recurrent nerve, with the 
left common carotid and subclavian 
arteries and the aortic arch crossing the 
projecting left margin in the superior 
mediastinum; the bifurcation of the tra- 
chea, the bronchi (especially the left), and 
the inferior tracheo-bronchial glalids, all 
crossed ventrally by the right pulmonaiV 
artery, in front of vertebra 5; the fibrous 
pericardium and oblique pericardial sinus, 
which alone separates it from the left 
atrium aa far 9^ vertebra 8; lastly, at the 


level of the vertebrae 9 and 10 is the dia- 
phragm. 

Vessels and Nerves. Its arteries 
come from the infprior thyroid artery in 
the nc(‘k; the superior intercostal and 
.bronchial arteries and the aorta in the 
thorax; and the left gastric and inferior 
phrenic^ arteries in the abdomen. 

Its veins drain to the inferior thyroid, 
azygos, and left gastric veins. Anas- 
tomoses between the last two unite the 
portal and systemic systems (see oesoph- 
ageal piles, p. 2.32). 

Its 7icrves: The recurrent nerves and 
sympathetic irunk in the neck; the 
right vagus and left recinrcait nerve in 
the superior iiuHliastiniim. Jlelow the 
broiu'hi the vagi, joined by branches 
from tlu^ sympathetic and splanchnic* 
nerves, foiin the oesophageal plexus 
around the oesophagus. From this 
plexus two mix(*(l vagus lUTves, called 
)he anterior and po.^terior gastric nerves, 
descend on (he o(\sophagus to the 
stomacli. Their )>ositions — in front of 
and behind (he oc'sophagus, rather than 
on its sides- arc^ (o be attributed to the 
loialioji that th(' sloma(‘h and hnver end 
of th(' oesophagus iiave undergone. 

ScHiNCTuts. Tfien^ is a sphincter al^ 
each end of the oesophagus. At the 
gastric or cardiac end the sphinctcu’ is a 
phy.siological one, supplied (a) b}^ the 
vagus which conducts opening impulses 
(inhibits), and (b) by the sympathetic 
which conducts closing impulses (con- 
tracts). The sympathetic fibers partly 
ascend from the celiac plexus with the 
left gastric artery; and partly descend 
in the thorax from the periaortic plexus. 
(White and Smithwick.) At the 
phary7igeal eml is the Crico-pharyngeus 
(p. 722 ), 



SECTION VII 
’THE HEAD AND NECK 
CHAPTER 19 


THE FRONT OF THE SKULL AND 
THE FACE 

The face will be considered under the 
following headings: 

1. The skull viewed from the front. 

2. The muscles associated with the 
oral, nasal, aural, and orbital orifices. 
The structure of the lips, external nose, 
auricle, and eyelid. 

3. The nerves and vessehs of the face. 

The Anterior Aspect of the Skull 

(Norma Frontalis). Warning: When 
handling a skull* keep your fingers out 
of the orbital cavities or you will cer- 
tainly break their medial walls which are 
papery in thinness. Orientation: At «, 
convention of anthropologists held in 
Frankfort (1882) it was agreed to examine 
skulls when so placed that the lower 
margins of the orbital apertures and the 
upper margins of the' external auditory 
orifices lie on a horizontal plane-- Tfie 
Frankfort Plane. This is roughly 
achieved by placing a 2' block under the 
foramen magnum leaving the point of 
the chin resting on the table. 

Contour or Outline of the Norma 
Frontalis {fig. 609). The vertical 
height of a skull so orientated and meas- 
ured from the highest point in the median 
sagittal plane (vertex) to the level of 
the point of the chin (progonion) is 
approximately 200 mm. or 8 inches. 
The zygomatic arches lie at the widest 
parts of the face and are approximately 
5 inches apart. Above them the outline 
of the skull is rounded because it is 
formed by the cranium or brain case, and 
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it bulges a few millimeters beyond the 
zygomatic arches. The arches, therefore, 
are not readily visible when thc»skull is 
viewed from above. Below the zygo- 
matic arches the skull is angular and is 
outlined by the posterior border of the 
ramus, the angle (gonion) and the base 
of the mandible. 

At birth (fig. 610) a median sagittal 
suturelino bisects the norma frontali.s and 
separates the parietal, frontal, nasal, 
ma.rillary, and mandibular bones of the 
( wo sides. The two sides of the mandible 
fuse at th(‘ .symphysi.'i meuti during the 
second year, l)ut in most mammals they 
• nmaiii separate throughout life. The 
two sides of the frontal hone fuse about 
the sixth year, hut in some skulls (8 per 
centj they remain separate; that is, the 
inlerfrontal or metopic Kuture pei-sists; 
and in other skiills the lower end of this 
suture remains, 'hhe interparietal or 
sagittal suture is usually (jbliterated by 
the age of 35 years. The nasal hones fu.se 
occasionally; the maxillae almost never. 

The bregma is the point at which the 
.sagittal and coronal (fronto-parietal) 
sutures intensecl. It is situated one inch 
in front of the vertex or highest point. 

The ij^edial margins of the somewhat 
qu|idrangular orbital apertures are fully 
one inch apart; their lateral margins are 
four inches apart; hence, the transverse 
diameter of each aperture is one and a 
half inches. The vertical diameter is 
slightly less than the transverse. Each 
of three bones— frontal, maxillary, and 
zygomatic — forms approximately one- 



574 


A METHOD OF ANATOMY 


third of the orbital margin. The frontal of sex. The elevation between the super- 
bone descends lower medially, where it ciliary arches, and therefore between the 
articulates with the lacrimal bone and eyebrows, is called the glabella because 
frontal process of the maxilla, than lat- the overlying skin is bald or glabrous. 




FORAMINA 

IN- 

.FRONTAL, 


.NASAL, 

-ZYGOMATIC, 

.MAXILLARY 

AND 

.MANDIBULAR 

BONES 


Fio. 609. The norma frontalis. Median plane: (A) Bregma; (B) Metopic suture (remains); 
(C) Glabella; (D) Nasion; fE) Piriform aperture; (F) Antr. nasal spine; (G) Intermaxillary s.; 
(H) Mental protuberance. 

Contour: (I) Base of jaw; (J) Angle of jaw; (K) P. border of ramus; (L) Zygomatic process; (M) 
Cranial outline. 

Orbital margin: (N) Front pr. maxilla; (O) Max. pr.*frontal: (P) Superciliary arch; (Q) 
Zyg. proc, front; (R) Front pr. zygomatic; (S) Max. pr. zygomatic; (T) Zyg. pr. of maxilla. 

Other features: (U) Temporal line; (V) Buttress; (W) Canine fossa; (X) Incisive fossa; (Y) 
Incisor fossa; (Z) Ext. oblique line. P 

erally where its zygomatic process articu- The anterior nasal or piriform aperture 
lates with the frontal (frorito-sphcnoidal) lies below and between the orbital aper- 

process of the zygomatic hone. The full- lures. Its sharp, pear-shaped margin is 

ness above the medial part of the supra- formed by the nasal bones above; by the 

orbital mar^i of the frontal bone is maxillae laterally and below. A median 

the superciliary arch. The arches are well spipe of bone, the anterior nasal spine, 

marked in the male and are a criterion juts forwards from the maxillae and helps 



THE HEAD AND NECK 




to support the septal cartilage of the 
nose. The nasion is the point at the root 
of the nose where the fronto-nasal suture 
crosses the median sagittal plane. It 
lies in a deep depression! 

The upper border of the zygomatic 
archj when traced forwards, bends up- 
wards and medially lateral to the orbit 
and then, as the temporal Ime, it curves 
backwards across the side of the cranium 
to reach a point about midway between 
the zygomatic arch and the vertex. The 
temporal line separates the temporal 
fossa below from the region of the scalp 
above. If the temporal muscles are 
powerful and therefore large, and if the 
brain and therefore the brain case are 
small, then the temporal lines of the two 
sides approach each other more closely. 
In some dogs and apes they meet in the 
median plane and rise, like the crest on a 
Roman helmet, in order to afford in- 
creased origin for the temporal muscles. 

The lower border of the zygomatic 
arch, when traced forwards, curves do\TO- 
wards and medially and becomes con- 
tinuous with the lower border of the 
zygomatic process of the maxilla, which in 
turn becomes continuous with a ridge 
that descends to the second molar tooth. 
This ridge or buttress separates the 
facial surface of the maxilla from the 
infratemporal surface. 

There are 32 teeth in all, sixteen in each 
jaw. Of the 8 upper and lower teeth on 
each side, two are incisors or cutting 
teeth, one is a canine or tooth such as 
dogs have, two are premolar or bicuspid 
teeth for their crowns have two cusps, and 
three are molar or millstone teeth. The 
roots of the teeth are embedded in little 
troughs or alveoli contained in the al- 
veolar processes of the maxilla and mandi- 
ble. The 16 teeth forming the upper 
denial arcade overlap the 16 teeth of the 
lower dental arcade; hence, the crowns of 


the lower teeth are worn and rounded on 
their outer or labial edges; the upper teeth 
on their inner or lingual edges. 

Man alone has a chin and an anterior 
nasal spine. Their presence is attributed! 
to the fact that he does with bis banda 
what other animals do with their mouths,, 
e.g., carries, attacks, and defends. Re- 
lieved of these duties,, the teeth and 
alveolar processes of the jaws recede, 
leaving the chin and anterior na^al spine 
as projections {fig. 611). 


An-teriop fontanclU 



• (Symphysis m.cnti) 

Fig. CIO. The skull at birth, front view. 
(For side view see fig. 796, p. 804.) 

The skull has but one pair of moveable 
joints, the ^ temporo-mandibvlar or jaw 
joints. Here a bone of the face articu- 
lates with a bone of the cranium. When 
the teeth of the lower jaw close on the 
upper teeth a force ranging from 160 
to 300 pounds can be exerted. Therefore, 
to prevent the mandible, which is the 
strongest bone of the face, from crushing 
the hollow maxilla and compressing it 
beneath the cranium, a buttress or 
strengtheninjjfibar is provided in the form 
of a ridge that extends from the (first 
or) second molar tooth to the zygomatic 
bone. This ridge and the zygomatic 
process of the maxilla transmit to the 
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zygomatic bone the upward thrust im- 
parted by the molar (and premolar) 
teeth. This il largely disperses to the 
cranium (a) via its frontal (fronto- 
sphenoi(Ial) process along the lateral 
side of the orbital margin, and (b) via 
its temporal process to the If'mporal 
bone. Stresses from Ihe front teeth ar(‘ 
mainly traiismiUed (c) via the frontal 
proca^ss of the maxilla (upper jaAv) along 
the medijvl side of the orbital margin. 

The sockets for the canine teeth cause 
ridges on the upper and lower jaws. The 
area on each ja^ medial to the canine 
ridge, and therefore overlying the roots 


from the median plane and transmit 
sensory branches of the first, second, and 
third divisions respectively of the trige- 
minal nerve and their companion vessels. 
They are named Ihe supra-orhifalj infra- 
orbiiaL and menial foramina. The 
mouths of the foramina point in the 
direction taken by tlu^ emerging nerves 
and v<*ssels. 

During fetal life the supra-orbital and 
infra-orbital nerves and vessels run along 
the roof and floor respectively of the 
orbital cavity; the former turning round 
the upper margin of the orbital aperture 
on to the forehead; and the latter round 



of the incisor teeth, is the Incisive fossa. 
The area on the upper jaw iK-twecn the 
canine ridge and the zygomatic ])rocess 
and the ridge descending frcmi it to the 
second molar tooth is the canine fossa. 

At the point of the chin, there is a 
slightly raised triangular area, the mental 
protuberance. From its lateral af«gle an 
oblique line runs upwards and backwartls 
to become continuous with the anterior 
border of the ramus of the jaw. 

Foramina. Three intra-osseous fora- 
mina open on to the face on a vertical line 
that passes ween th(' bicuspid t('et)i. 
They penetrate* the frontal, maxillary, 
and mandibular bones a})out 1} inches^ 


the lower margin on to the face. De- 
pending on the extent to which the 
frontal bone later envelops the supra- 
orbital nerve and vessels, there is a supra- 
orbital notch “foramen — or canal. A 
pinpoint orifice for the frontal diploic 
(medullary) vein is visible in the notch. 
Similarly, a i)roccss from the infra-orbital 
margin of the maxilla grows medially 
over the infra-orbital vessels and nerve 
and forms a roof for them. In the 
hinder part of the floor of the orbital 
cavity they lie in a gutter; in the anterior 
part in a canal that opens downwards 
and medially. At birth the suture line 
is still apparent. In a similar fashion the 
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mandible grows round the inferior dental 
(alveolar) nerve and vessels, thereby 
forming the mandibular canal. The 
mental foramen is th^ anterior orifice of 
this canal. Because the emerging mental 
nerve and vessels are mainly directed* 
upwards and laterally to the lower lip, 
the orifice opens upwards and laterally. 


and from it spread over the face, dragging 
after them branches of the facial nerve, 
which is the nerve of this arch. The 
Plaiysma, which spread downwards over 
the neck, and the Epicranius^ which 
spread upwards over tli(' scalp, are 
derived from the same' source and are 
supplied ])y the sam(‘ nerve. 



ORBIC. 

OCULI 


LEV. L.SUeR 

ZYG. MINOR 
2YG. MAJOR 


RI50RIUS 
deprIang.oris 


PROCERUS 

L.L.S.A.N. 

COMR NARIS 
(DILATOR NAR IS 

I (DEPR.SEPTI 
LEV AN6. ORIS 

BUCCINATOR 
facial A. 

OEPR.LAB.INFR. 
MENTALIS 


SUPERFICIAL DEEPER 

Fia. <il2. The muscles of the face. 


Two minute intra-osseous foramina 
pierce the zygomatic and nasal bones and 
open on to the face: the zygomatic bone is 
pierced near its center by the zygomatico- 
facial nerve and a twig of the lacrimal 
artery; the nasal bone by a vein from the 
nose. 

Muscles of the Face (fig. 612). The 
facial muscles or muscles of expression are 
disposed around the orifices of the mouth, 
eye, nose, and ear, as sphincters and 
dilators. Developmcntally, they took 
origin in the hyoid or 2nd branchial arch 


One muscle on the face - the Masseter 
— is not supplied by the facial nerve. It 
covers the ramus of the jaw and is a 
muscle of mastication. Like the other 
muscle?? of mastication, it developed from 
tfic mandibular or 1st branchial arch 
and like them it is supplied on its deep 
surface by the third division of the tri- 
geminal nerve (V*), which is the nerve of 
this arch. 

The Mouth. The Orbicularis Oris 
or sphincter of the mouth extends up- 
wards almost to the nose and downwards 
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to the transverse groove on the skin mid- 
way between the chin and red portion of 
the lips. Four slips, the incisive bands, 
arise from the incisive fossae of the upper 
and lower jaws and turn laterally into 
the Orbicularis. They help to purse and 
pout the lips. 

( \)i] verging on the angle of the mouth 
wIh'IC tlu‘v l)ien^l with the Orbicularis 
Oris urt^ «f muscles -the Levator AnguJi 
Oris (Oaninus), which aris(\s below the 
infra-orbital foramen; the Zygomaticus 
Major or smiling^ muscle, which arises 
from the bone of the same name: the 
Risorius or grinning muscle, which arises 
from the parotid fas(aa; and tlie De- 
pressor Anguli Oris (Triangularis), which 
arises from the oblique line on the 
mandible. 

Attached to tlie upper lip are three 
bands, which aris<* from th(' iTK^lial and 
lower borders of the orbital margin. 
They are calhvl th(* Levator Jjibii Snper- 
ioris Alaeqne Nasi, Levator Lahii Saper- 
ioris, and Zygomalicus Minor, |In \ho 
B. N. A. terminology they ar(‘ called th(' 
angular, infra-orbital, and zygomatic 
heads of the (Juadratus Labii Superioris, | 
The first gives a slip to the ala of 1 ho nosc' , 
the second is bj’oad, quadrate', and arises 
above the infra-orbital foraincu, the 
third is a mere slip. Altaclu'd to the 
lower lip is the Depressor ^Quadrat ns) 
Labii Inferioris, wliich arises from the 
oblicjue line of the mandible between the 
mental foramen and the mental pro- 
tuberance (L. Mentuin = Ihc^ chin). 
It is rhomboidal. Its medial border 

^ 4.1 

meets and decussates with that of its 
fellow above the transverse groove on the 
lip and, so, leaves a triangular space above 
the mental protuberance. This the Men- 
tales occupy 

Each Mentalis passes from the lower 
incisive fossa downwards to be attached 
to the skin over the chin. It is conicak 


When it contracts it raises, protrudes, 
and puckers the skin over the chin and 
accentuates the transverse fold. To ex- 
pose its origin, i/. is necessary merely 
to ('vert the lower lip and incise the 
• mucous membrane over the incisive fossa. 
This exposes also the lower incisive band 
and the mental nerve. 

The Buccinator (L. Bucca = the 
cheek; Buccinator = a trumpeter) is a 
flat muscle whose inner surface is lined 
with the mucous membrane of the cheek 
and lips. Above and below, it arises from 
the outer surfaces of the alveolar proc- 
esses of the maxilla and mandible, lateral 
to the molar teeth. Posteriorly, it is 
continuous with the Superior Constrictor 
of the pharynx, the line of union being 
marked by an indefinite fibrous raphe, 
the pterygo-mandibular lig, or raphe (fig. 
723), that extends from the hamulus of 
the medial pterygoid plate to the man- 
i^Iible behind the 3rd molar tooth. An- 
teriorly, it extends into the upper and 
lower lips and there blends with the 
Orbicularis Oris; the upper and lower 
fibres pass directly into the respective 
upper and lower lips, but the intermediate 
fibres decussate behind the angle of the 
mouth, the upper fibres passing into the 
lower lip, the lower fibres into the 
upper lip. 

The Buccinator retracts the angle of 
the mouth and is therefore the antagonist 
of the Orbicularis Oris. It aids in masti- 
cation by pressing the cheeks against the 
teeth, thereby preventing food from 
collecting in the vestibule of the mouth. 
Dogs have no cheeks and cannot chew. 
It also acts in blowing and in sucking. 
In order to satisfy yourself of this, pass 
your left index finger well into the right 
side of the vestibule and perform chew- 
ing, sucking, and blowing movements. 

The Buccinator is covered externally 
with a thin areolar membrane which is 
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continued posteriorly over the Constric- 
tors of the pharynx; hence, the entire 
membrane is called the biccco-pharyngeal 
fascia. It is supplied by the buccal 
branch of nerve VII; it is pierced by the 
buccal branches of nerve V*, also by the* 
parotid duct and the ducts of a cluster of 
small mucous glands, the molar glands, 
that lie on the bucco-pharyngeal fascia 
near the parotid duct. The space be- 
tween the Buccinator medially and the 
ramus of the jaw laterally is occupied by 
an encapsuled mass of lobulated fat, 
the buccal pad or sucking pad of fat 

The Lips. If you run the tip of your 
tongue across the back of your lower or 
upper lip, you will feel the small nodular 
mucous aiul s(‘rous labial glands that here 
form an in(*oinpIete subepithelia) tunic 

If you grasp the margin of your upper 
or lower lip between your finger and 
thumb, you will feel the pulsations of an 
arterial ring lying between the labia> 
muscles and the tunic of labial glands. 
It is formed by the superior and inferior 
labial arteries. 

The lip margins are red partly because 
the skin is rendered translucent by eleiden 
and partly because the vascular papillae 
or thelia are unusually long. Histori- 
cally, the term “epithelium” was first 
applied to the cells covering the thelia of 
the lip. 

The External Nose. The framework 
of the external nose is made of bone, 
hyaline cartilage, and fibro-fatty tissue. 
The cartilages (septal, upper nasal, and 
lower nasal) are remains of the primitive 
or embryonic cartilaginous nasal capsule; 
whereas the nasal bones and the fronto- 
nasal processes of the maxillae developed 
in the membrane that overlay the carti- 
laginous capsule. The septal cartilage 
lies in the partition or septum between 
the right and the left nasal cavities. 
Its lower free border can be felt by press- 


ing upwards just in front of the anterior 
nasal spine, but it is best felt by the tips 
of the index and thumb inserted within 
the anterior nares or nostrils. It will 
then be appreciated that the tip of ^he 
nose and the columna, that is, the lower 
border of the nasal septum, are formed 
by the medial limbs of the U-shaped 
lower nasal cartilages (cartilages of the 


Fig 


nose (front view) 
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OF MAXILLA 

kTasal bone 

UPPER CARTL. 
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The framework of the external 
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CRURA OF 
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FIBRO- 
AREOLAR 
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SEPTAL CARTL. 

Fig. 014. 'The framework of the external 
nose (viewed from below). 
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aperture) {figs. G13, 614)- The large 
lateral limb of the lower nasal cartilage 
does not extend to the lower part of the 
ala of ♦jhe nose, which, like the lobule of 
tlje ear, is composed of fibro-areolar tis- 
sue. The right and left upper nasal 
cartilages are not entities but are wing- 
like expansions of the septal cartilage. 
They are firmly united to the nasal bones 
above and maxillae behind, but are con- 
nected only loosely with the lower car- 
tilages below. 

' On removing the nasal bones from a 
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skull, it is readily appreciated that the 
nasal notch of the frontal bone receives 
their upper ends, that the spine of the 
frontal bone and the septal cartilage 
support them in tlie median plane behind, 
and that the frontal processes of the 
maxillae supjiort their postero-Iateral 
borders. AJl tliese take the impact of a 
blow on the nose. The opposed surfaces 
of the na.'^al bones are flat and triangular, 
the base being above {figs, 790). 

The posterior surface of each bone is 
covered with mucous membrane and is 
groov(*d by a branch ol lh(‘ internal nasal 
nerve. The* rierv(‘ pa.ss(‘s between (lie 
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Fio. 015. The auricle. 


bone iind upper cartilage* (o the outi'r 
surface of the nose and, as iIk' external 
nasal iKTve, con'iimies to the ijp of the 
nose {Jig. (Ul). 

The lower nasal cartilage is movable; 
and, when during dec[) breathing the 
luevator Labii Superior is Alacque Nasi 
pulls on its lateral limb, the nostril 
dilates. The Compressor Narv. (Pars 
Transversa Nasalis) crosses the upper 
cartilage and, joining its fellow, forms 
a sling across the bridge of the nose. 
Large sebaceous glands occur near the tip. 

The Auricle of the Ear. The frame- 
work of ih&tifiUTicle is made of a single 
piece of elastic cartilage except at its 
most dependent part — the part to which 
earrings y,re attached— called the lobule, 


w'iiich is made of fibro-arcolar tissue. 
The cai lihigo is continuous with the car- 
tilage of llu* external auditory meatus 
(in(*atu^. b = ar canal) (see ]). 707). 
d'h(' shape* of the* auricle depends on the 
'shape of cartilage, for here there is no 
siibciitaiH'ous fatty layer. Tlie names of 
its (‘Icvatiou^ and depr(*ssions arc given 
iu ligun* (ilo. Of tlu'se, note that Dar- 
win's hdwrclc r('pres(*nts the morpho- 
logical aj)ex. Fine downy hairs and 
numerous sej)aceous glands occur over the 
aiirich*; and from the tragus and anti- 
Irngus grow' hairs that guard the* cxtcrtial 
meatus. 

Determine* on your own auricle* that 
tlie skin i-* fre^dv movable ein tlie* (‘lanial 



riei. oh;. The cartilage of the auricle. 

'^urfaee^ aiiel on llu* hedix, but adherent on 
llie e*\l(‘rnal siirfae*e. 

Muscles. The auricle has several rudi- 
me*ntary intrinsic muscles and 3 extrinsic 
muscles .Vurie*ulare*s Pe)sterior, Superior, 
and Ante^rieir- all supplieel by the facial 
nerve, ddie Pejstcrior springs from the 
masteael beme; the otli(‘r tw^e) from the 
e‘pieranial apemcMirosis. The intrinsic 
muse*l(*s are e'asily displayed bee*ause of 
tlie absence of fat. 

The Sensory Nerves are the auriculo- 
temporal (V^), the great auricular (C. 
2, 3), and the lesser occipital (C. 2), 
also tw^o twigs, the auricular branches of 
the vagus and facial nerves. The twig 
from the facial nerve is assumed to exist 
in ord(*r to account for a condition called 
‘^auricular zoster”. 
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The Blood Supplij comes from the 
superficial temporal ami posterior auricu- 
lar arteries. Some' branches of the latter 

turn round the helix to reach the lateral 

■ 

surface, while others pierce the cartilage 
and perichondrium. In a suitable light, 
they can be seen in the living person. 

The Orbital Aperture, the Eyelid, and 
the Tear Drainage. Definitions. The 
upper and lower eyelids or palpebrae are 
united laterally and medially by the cor- 
responding palpebral commissures. The 
opening between the lid margins is the 
palpebral fissure. The lateral and medial 
angles of the fissure are commonly called 
the medial and lateral canihi. The pos- 
terior Y of the outer coat of the eyeball is 
white, tough and called the sclerotic coat; 
its anterior J is transparent and called 
the cornea. Through the cornea the 
varied colored iris is seen, and in the 
center of the iris is the pupil. The 
potential space between the eyeball and^ 
the eyelid is the conjunctival sac. The 
membrane lining the sac is the con- 
junciiva. At the upper and lower limits 
of the sac the conjunctiva is reflected 
from eyeball to eyelid. The reflections 
are tYm fornices of the conjunctiva. 

Examination. When examining the 
eye of your partner, or when examining 
your own eye in a looking glass, observe 
that: (a) The margin of the lower lid 
crosses the lower limit of the cornea; the 
margin of the upper lid crosses the cornea 
midway between the pupil and the 
corneal margin; so, no sclerotic is seen 
either above or below the cornea, but 
only at its sides {fig. 617). On looking 
upwards — dropping the chin while look- 
ing forwards achieves the same result — 
the sclerotic comes into view below*, 
(b) The lateral S of the lid margins are 
flat, 1' mm. thick, and carry eyelashes or 
cilia. They form the ciliary parts of the 
margins. The medial ^ are devoid of 


hairs and are rounded, and as the cariali- 
culi that drain away the tears traverse 
them, they may be called the lacrimal 
parts of the lid margins, (c) The entire 
margin of the upper lid and the ciliary part 
of the margin of the lower lid form semi- 
elliptical curves; but the lacrimal part 
of the lower margin is straight, (d) At 
the medial canthus there is a triangular 
area, the lacus lacrimalis. It i^ bounded 
above and below by the lacrimal parts 
of the lids and laterally by a free 
crescentic fold of conjunctiva, the plica 
semilunaris. The plica is very well 



• Fig. G17. The margins of the eyelids. 

marked in the cow; perhaps it represents 
the membrana nictitans or third’ eyelid 
in the bird. In the lacus there is a red- 
dish area, the caruncle, which develop- 
mentally is a detached part of the lower 
lid. It contains some colorless hairs and 
sebaceous and sweat glands. 

Gently pull down and evert the lower 
lid and note that: (e) At the junction of 
the ciliary and lacrimal parts of its 
margin there is a papilla on which the 
punctum or entrance to the inferior 
lacrimsSl canaliculus can easily be seen. 
Btecause its mouth is directed backwards 
so as to be applied to the eyeball, it is 
able to suck up tears. The corresponding 
structures in the upper lid are not so well 
marked, (f) The conjunctiva is fiirmly 
adherent to the back of the lid and to the 
front of the cornea, but at the fornix and 
»where it covers the sclerotic coat it is 
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loosely attached and freely moveable and 
its vessels can be seen to move with it. 
The lid is so closely applied to the ball 
of the eye that foreign particles rarely 
enter the lower part of the conjunctival 
sac. (g) Yellow streaks, the lines of the 
tarsal glands, are apparent on the back of 
the lid. 

Evert the upper lid over a match stick 
and note that: (h) The tarsal glands are 
better marked than in the lower lid. 
(i) A sulcus lies near and parallel to the 
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Fig. 61 S. Sectioa through the upper eyelid. 
(After Whitnall.) 


margin. Into it the foreign particles that 
chance to enter -the sac are generally 
caught as the upper lid wipes the front 
of the eyeball. 

The hairs or cilia projecting fiom the 
lid margins are in two or three irregular 
rows. Hairs imply the presence of se- 
baceous glands, and such (as glands of 
Zeis) open into each hair follicle. Sweat 
glands (of Moll) likewise open into or 
beside the hsjj^ follicles {fig. 618). These 
g^mds are situated in front of the tarsal 
plates. The tarsal glands (of Meibo- 
meus)i enjbedded in the back, of the tarsal • 


plates, are modified sebaceous glands, 
visible as yellow streaks through the con- 
junctiva. On stroking them in the 
cadaver with the end of the handle of the 
scalpel, threads of white sebum are ex- 
pressed on to the lid margin, like paste 
from a collapsible tube. An obstructed 
and inflamed hair follicle or stye will 
pioject on the front of the lid; an ob- 
structed tareal gland on to the globe of 
the eye. 

The chief duty of the lids is to keep a 
film of tears spread over the eyeball, and 
the upper lid wipes the e 3 "eball free from 
dust and foreign particles. 

The Palpebral Fascia, or Septum 
Orbitai.k. Tlie eyelids develop as folds 
of ^kln w Inch come together and adhere 
along their edges during the middle three 
months of intra-uteiine life {fig. f)W). At 
the end ol the Gth fetal month, when they 
become free again, the palpebral fissure 
•is • re-established. (In kittens, the lids 
remain adherent for some days after 
birth.) During the middle three months 
the palpebral fascia, which forms the 
framework or skeleton of the eyelids, 
may be regarded as forming a complete 
diaphragm for the orbital cavity, for it is 
attached to the orbital margin all round, 
except medially where it passes behind 
the tear sac to gain attachment to the 
lacrimal bone, there creating a sharp 
ridge, the posterior lacrimal crest {fig. 
791). We may speak, then, of two 
orbital cavities — the cavity behind the 
bony margin of the orbit and the cavity 
behind the palpebral fascia. The dis- 
tinction is a practical one because the 
tear-sac is within the bony orbital cavity 
but outside the fascial one; so, it can be 
operated upon without danger of infect- 
ing the ‘‘retro-fasciar' orbital cavity. 

Condensation and thickening of the 
palpebral fascia take place over an 
almond-shaped area in the upper lid and 
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over a rod-shaped area in the lower lid 
resulting in the formation of the upper 
and lower tarsal 'plates. These plates 
are anchored to the orbital margin by the 
medial and lateral palpebral ligaments. 


are firmly closed. Some muscle hbers, 
the Pars Lacrimahs (Tensor Tarsi), are 
carried medially behind the tear-sac and 
there find attachment to the posterior 
lacrimal crest (Jig. 620). The}^ serve to 
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Fig. (A) The palpebral fascia (B) The tarsi, ligaments, and Levator Palpebrae. (C) 
Features at the four corners of the orbital margin, and the tear apparatus (schematic). 


The lateral ligament or raphe is merely 
a thickening of the palpebral fascia; not 
so the medial ligament for it passes .ins 
front of the tear-sac and is attached to 
the frontal process of the maxilla. 

Muscles. The sphincter of the pal- 
pebral fissure is the (hbtcidans Oculi 
The fibers within the lids, the palpebral 
portion, take an arched course from 
medial to lateral palpebral ligament in 
front of the palpebral fascia Though 
striated and supplied by a somatic nerve, 
they usually act involuntarily, closing 
the lids in sleep and in blinking. The 
fibers of the peripheral or orbital portion 
pass in circles from the medial palpebral 
ligament and adjacent part of the frontal 
bone across the forehead, temple, and 
cheek back to the medial ligament and 
adjacent part of the maxilla. They can 
also act involuntarily. Having no lateral 
attachment, they draw the lids medially 
and thereby encourage tears and particles 
of dust to the medial canthus. They are 
responsible for the ‘*crows foot'' wrinkles 
seen at the lateral angles when the eyes 



Fig. b20. Horizontal section of globe and 
upper lid. The upper lid, which moves like a 
visor and wipes the globe,' is kept applied to 
it by the Pars Lacrimalis (Tensor Tarsi). 
(After Whitnall.) 

keep the lids so closely applied to the 
eyeballs that foreign particles dannot 
readily accumulate behind them, and by ' 
creating a vacuum in the sac aspirate 
tears. 

The dilator of the palpebral fissure is - 
the Levator Palpebrae Superioris. I]^- 
voluntary muscle fibers in both lids, 
dialled the superior^and inferior palpebral 
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(tarsal) muscles, tend to widen the fis- 
sure (fig, 0o7). 

Two other muscles, the Frontalis and 
Corrugator Supercilii, are associated with 
the eye. The Frontalis is the muscle that 
causes the transverse wrinkles on the 
forehead, associated witli a surprised and 
supercilious look*. Raising the eyebrows 
brings it^ into play. It arises from the 
epicranial aponeurosis, which splits to 
enclose it two or three inches above the 
brow. Its most medial fibers are pro- 
longed, in contact with those of its felIow% 
on to the nose as the Procerus. The 
remaining fibers cross the brow and 
interlock with those of the Orbicularis. 
The fascia liiiing the deep surface of the 
Frontalis (fg, (1,^/f) is attaehed to the 
bone above the supra-orbital margin; it 
would prevent the downward spread of 
fluid into the eyelids. The Corrugator 
Supercilii is the muscle that causes the 
short vertical wrinkles in front of the 
glabella on frowning, displaying annoy- 
ance, and exhibiting pain. It arises from 
the glabella deep to the Frontalis and as 
a small band runs laterally deep to the 
eyebrows and interlocks with the Fron- 
talis and Orbicularis {fig. ^7,?). 

Tear Ducts-. The upj^er aiid low'or 
lacrimal canaliculi are about J U rrtni. long. 
They take a curved course near the free 
margin of the litj from lacrimal puncium 
to lacrimal sac which they enter either 
separately or by a common orifice. The 
lacrimal sac is but the upper eijd of the 
nasolacrimal duct (fig. (HR, C). It Jies 
behind the medial palpebral ligament and 
in front of the Pars Lacrimalis of the 
Orbicularis Oculi and the palpebral fas- 
cia. It is surrounded by veins, and is 
separated |||t^ l^he atrium of the nose 
by the papery lacrimal bone and the 
strong frontal process of the maxill^, 
and an anterior ethmoidal air cell gen- 


erally intervenes between its upper half 
and the atrium. 

"Jlie naso-lacrimal duct continues down- 
wards between lacrimal, maxillary, and 
inferior conchal bones to open into the 
inferior meatus of the nose (fig. 740)- 

The Nerve Supply of the Face. 
Sensory Nerves of the Face (fig. 62 1). 
The face is developed from three rudi- 
ments, the frontal-nasal, maxillary, and 
mandibular processes, each of which 
is supplied by one of the three branches 
(VS VS and V3) of the Vth or tri- 
geminal nerve. These arc known as the 
ophthalmic, maxillarj’', and mandibular 
nerves respectively. And, as they are the 
first, second, and third branches of the 
trigeminal or fifth cranial nerve they may 
be indicated by the signs V^, V®, and V^ 
The great auricular nerve (C. 2 and 3), 
however, encroaches on the face sending 
branches across the parotid gland and the 
Masseter, and deep sensibilities are me- 
diated by the facial nerve. 

77a; Ophthalmic Nerve (FO- Of the 
hve cutaneous branches of V*, four are 
related lu the ij])per lid; one to the nose. 
Tlu^ lacrimal branch pierces the palpebral 
fascia in the lateral part of the lid. The 
siipra-urbital branch emerges through the 
supra-orbital notch, foramen, or canal, 
as the case may be. It then divides into 
a medial and a lateral branch. These 
ascend on (and may groove) the frontal 
bone for about two inches before piercing 
the Frontalis and passing backwards 
almost to the lambdoid suture. The 
supratrochlear branch pierces the pal- 
pebral fascia above the trochlea for the 
Superior Oblique and, then pierces the 
Frontalis to supply the region above the 
glabella. The infratrochlear branch 
pierces the same fascia and muscle below 
the trochlea to supply the structures 
about the medial palpebral commissure, 
including the lacrimal sac. The 4 pre- 
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ceding nerves supply also the conjunctiva appears through the foramen of that 
of the upper lid. The external nasal name. It is but a twig. zygomatico- 
branch emerges at the \owei bolder of temporal branch appears through the 
the nasal bone, which 's easil}’^ palpated foramen of that name in the temporal 
with the finger nail, and descends on the fossa, pierces the temporal fascia behind 
nasal cartilages lo the tip of Ihe nose the tubercle on the frontal process of the 

Branches derived from the ophthalmic zygomatic bone, and supplies the anterior 
artery accompany these nerves : they are part of the temporal region. 


Supra -orbital n. 
Supratrochlear n. 
Lacrimal nerve 

InfpatrocKlear ru. 
External na^al n. 


C.^^-Ant catancout> n 
(M cutaneue coUi) 


Fig. 621 . The sensory nerves of the face and front of the scalp. 

the lacrimal, supra-orbital, supra- Arteries of the same names accom- 
trochlear, dorsal nasal, and external pany these nerves, 
nasal arteries. The Mandibular Nerve (F^). Of the 

The Maxillary Nerve (V^). Of the three cutaneous branches of the V®, the 
three cutaneous branches of V^, the mental branch emerges through the mental 
infra^orbital branch emerges through foramen and finds itself deep to the 
the infra-orbital foramen, and finds Depressor Anguli Oris Its branches 
itself between the Levator Labii Su- pass mainly upwards to the skin and 
perioris and the Levator Anguli Oris, mucous membrane of the lower lip and 
Its branches pass mainly downwards and gums; others pass to the skin of the 
^medially to the upper lip and to the chin. The buccal branch appears at the 
mucous membrane of the cheek and upper anterior border of the Masseter, below 
gums. It also supplies the skin and con- the level of the parotid duct. It is 
junctiva of the lower eyelid, and the easily picked up as it runs almost to 
dorsum of the nose, and it sends branches the angle of the mouth. It supplies the 
below the ala of the nose to the skin of the skin of the cheek, and branches that 
vestibule. The zygomatico-facial branch pjferce the Buccinator supply the mucous 
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membrane of the cheek. The auriculo- 
temporal branch crosses the posterior root 
of the zygoma just in front of the ear and 
ascends behind the superficial temporal 
artery Its name suggests its terminal 
distribution to auricle and temporal' 
region, but it also supplies the outer 
surface of the tympanic membrane and 
external meatus. 


the point of the chin via the mental n.; 
(d) from the tip of the auricle via the lesser 
occipital n.; and (e) from the lobule of 
the ear via the great auricular n. 

MoTon Supply to the Face (fig. 
G22). The facial or Vllth cranial nerve 
is developmentally the nerve of the 
hyoid arch and it falls to it to supply all 
the muscles derived from this arch. They 
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Fig. 622 . Dissection of the side of the face. 


Branches of the internal ipiaxillary 
artery (mental and buccal) accompany 
the mental and buccal nerves; and the 
superficial temporal accompanies the 
auriculo-temporal nerve. 

Note: The sensory pathway from (a) 
the cornea is via the ciliary nn. which 
travel betifeen the scleral and choroidal 
edats of the eyeball; (b) from the tip of 
the nose via the external nasal n.; (c) frdra 


are — the muscles of the face, auricle, 
and scalp, and the Platysma, (also — the 
posterior belly of the Digastric, the Stylo- 
hyoid, and the Stapedius). 

Its teiminal branches appear at the 
margins of the parotid gland and spread 
like the rays of an open fan. Of these- 
the temporal branches cross the zygo- 
matic arch and supply* all the muscles 
above it. The zygomatic branches pass 
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forwards above the parotid duct to 
supply the muscles of the infra-orbital 
region. The buccal branch takes the gen- 
eral direction of the buQcal branch of the 
trigeminal nerve, but it is superficial to 
the Masseter. The mandibular branch 
supplies the muscles of the lower lip 
and chin. 

The cervical branches are two in num- 
ber. They pass within a finger^s breadth 
of the angle of the jaw: one descends, 
anastomoses with the anterior cutaneous 
nerve of the neck, and supplies the 
Platysma; the other curves forwards, 
crosses the base of the jaw superficial to 
the facial {external maxillary) artery^ 
joins the mandibular branch, and assists it 
to innervate the muscles of the lower lip. 

The posterior auricular branch arises 
from the stem (jf the facial nerve. It 
crosses the mastoid and supplies the Oc- 
cipitalis, Auricularis Posterior, and part 
of the Auricularis Superior. It is tlje 
only branch to pass backwards and it is 
of no importance. 

These terminal branches are chiefly 
motor or efferent, but since they receive 
communications from the various sensory 
branches of ner\ e V on the face and from 
the 2nd and 3rd cervical nerves about the 
ear, scalp, parotid region, and neck, 
they are distributed ultimately as mixed 
efferent and afferent fibers. 

The Blood Supply to the Face is 
extremely free and anastomoses are 
numerous. In addition to the many 
branches of the ophthalmic and internal 
maxillary arteries that accompany the 
various branches of the fifth nerve on to 
the face, there are the facial and trans- 
verse facial arteries {fig, 612). 

The Facial Artery (Ext. maxillary 
artery) appears on the face at the base 
of the jaw immediately in front of the 
Masseter^ Its vein lies behind it on the 
Masseter; the cervical branch of the facial 


nerve enters the face superficial to it ; one 
or two lymph glands lie beside it. In its 
tortuous course it passes about half-an- 
inch from the angle of the mouth and it 
ends at the side of the nose by dividing 
• into the angular and the lateral nasal 
arteries. It crosses in turn the lower jaw, 
Buccinator, upper jaw. Levator Anguli 
Oris. And, it is crossed superficially by 
all the other muscles it encoui^ers. In 
turn they are : Platysma, Risorius, Zygo- 
maticus Major and Minor, and liCvalor 
Labii Super i oris. ^ 

Branches: An inferior and a superior 
labial branch arise near the angle of the 
mouth and, with those of the opposite 
side, encircle the mouth between the Or- 
bicularis Oris and the layer of labial 
glands. A septal branch springs from the 
superior labial a. Below the inferior 
labial a. a large unnamed branch runs on 
the jaw towards the mental foramen. 

I Small twigs pass posteriorly. Of its two 
terminal branches, the lateral nasal a.' 
follows the upper border of the lower nasal 
cartilage; the* angular a. ascends on or 
through the Levator Labii Superioris 
Alaeque Nasi to the medial palpebral 
commissure and anastomoses with the 
dorsal nasal branch of the ophthalmic 
artery. The submental branch of the 
facial a. is large. It arises in the sub- 
mandibular region and crosses the jaAv 
near the chin to enter the face. 

By palpation feel in your own body the 
pulsations of: (1) the main artery where 
it crosse.^ the jaw, and (2) of the angular 
artery where it lies on the side of the 
bridge of the nose; by grasping the cheek 
or lip between the finger apd thumb feel 
the pulse of (3) the main artery near the 
angle of the mouth, and of (4) the labial 
arteries within the margin of the lips. 

Thb Superficial Temporal Artert 
is one of the two terminal branches 
o? the external carotid arteiy (fig. 
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070), It arises deep to the parotid gland 
just behind the neck of the mandible. It 
crosses the posterior root of the zygoma 
and ascends with the auriculo-temporal 
nerve for one or two inches before divid- 
ing into an anterior and a posterior- 
branch. Tliese are tortuous, and in older 
persons their pulsations can be seen 
through the skin. They run superficial 
to the temporal fascia to enter the subcu- 
taneous layer of the scalp, where they 
anastomose freely o^o). 

Branches: In {iddition to the twm ter- 
minal branches for the scalp, branches 
are distributed to the face and temporal 
region and twigs to nearby structures 


artery. In addition, however, it receives 
the blood from the supra-orbital and 
supratrochlear veins. In fact, it is by 
union of . these jt.wo veins that the an- 
terior facial vein arises. It makes the 
three following important connections 
(fig. 02S): (1) With the 'pterygoid 

plexus through the deep facial vein, ^ This 
vein curves backwards below the zygo- 
matic process of the maxilla and deep to 
the ramus of the jaw. It connects the 
anterior facial vein with the veins around 
the pterygoid muscles; these in turn com- 
municate through the foramina at the 
base of the skull with the cavernous sinu.s 
(2) With the cavernovs sinus through the 



Fig. 023. Skulls viewed from above. (A) dolicho-cephalic =* width less than 75 per cent of 
length; (B) brachy-cephalic = more than 80 per cent; (C) fontanelles or unossified areas at birth 


(parotid gland, auricle, external auditoiy 
meatus, and gaw joint). The facial 
branch, the transverse fanal artery^ ap- 
pears from under co\er of the anterior 
border of the parotid gland, crosses the 
Masseter transversely between the zy- 
goma and the parotid duct, and anas- 
tomoses on the face. The ^temporal 
branch, the middle temporal artery y crosses 
the zygoma, pierces the temporal fiuscia 
and temporal muscle, and ascends in a 
groove on the squamous temporal bone. 

Veins. The companion vein of the 
facial artery is called the anterior facial 
vein. It hAs behind the artery taking a 
less tortuous and more superficial course. 
Its branches correspond to those of tts 


superior ophthalmic vein. This vein com- 
municates in front with the supra-orbital 
and supratrochlear veins, and drains 
backwards into the cavernous sinus. (3) 
With the diploic veins through the frontal 
diploic, vein. This vein emerges from a 
pin-point hole- in the supra-orbital notch 
and joins the supra-orbital vein. 

THE SKULL FROM ABOVE AISTD THE 
SCALP 

Norma Verticalis. Viewed from above, 
a skull is roughly oval in outline, but it 
may have one of many shapes. In front, 
a glimpse may be had of the bridge of 
the nose, but the face is not projecting 
(prognathous) as in lower animals. At 
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the sides, the zygomatic arches arc 
hidden (cryptozygous) in white races, 
but visible in others, e g , certain 
Eskimos. Behind, thc^ inioii is not in 
view because it lies I:)elow tlie posterior 
pole of the skull. 

When the maximum width of a skull 
is less than 75 per cent of its maximum 
length it is said to he dohcho-cephalic or 
long headed, when more than SO per cent 
it is called brachycephalic or broad 
headed, when between 75 and SO per cent 
it is mesaticephalic On this quantita- 
tive character anatomists have classified 
the races of mankind (fig 


SCALP 



Fig 624 Sagittal section of skull-cap and 
overlying tissues. Note the fibrous bands, 
fat, vessels, and nerves in the scalp 


Three sutures related to three sides of 
the parietal bone are visible: the coronal 
fronto-parietal), the sagittal (or in- 
terparietal), and the lambdoid (or 
parieto-occipital). The point of inter- 
section of sagittal and coronal sutures is 
the bregma. The point of intersection of 
sagittal and lambdoid sutures is the 
lambda. 

The bones of the roof of the skull de- 
velop in membrane, ossification begin- 
ning in the frontal and parietal bones 
during the second fetal month at their 
points of greatest fullness, called the 
frontal and parietal eminences. At birth, 
ossification has not reached any of the 
four angles of the parietal bones; so, at 


these sites, called fontaneUes, the brain 
is covered with membrane. Of these, 
the anterior fontanelle is 1" by 2" in 
diameter and is shaped like a flat 
kite with the long angle tapering into 
the intoi frontal or metopic huture. If 
not obliterated before the end of the 2nd 
yeai there i'> Munething amiss. The 
bregma maiks tlie site. "1 he summits of 
the temporal lines and the •pinpoint 
paiietal ioiamina are in v iew 
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Fig. 625 Coronal section of head. 


The Scalp is composed of skin, sub- 
cutaneous tissue, and Epicranius All 
three are firmly bound together and are 
separated from the skull by an areolar 
space (Jig. 5*2 ()• Phylogenetically, the 
Epicranius was a continuous muscle 
shoet, now' aponeurotic save at its an- 
terior and posterior ends. Its posterior 
muscular end, the Occipitalis^ is attached 
to the superior nuchal line. Its anterior 
end, the Frontalis, extends right across 
the forehead blending with its fellow in 
the middle line and interdigitating in 
fjont with the Orbicularis Oculi. As the 
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Occipitalis has a fixed bony attachment 
while the Frontalis is free, contraction 
of the muscles draws the scalp backwards 
and causes horizontal wrinkles on the 
forehead. It may be called upon to 
assist feebly in raising the eyelids. Lat- 
erally, the Epicranial Aponeurosis gives 
origin to the superior and anterior auricu- 
lar muscles, elsewhere it fades away over 
the temporal fascia (fig. 026). In the 
subcutaneous tissue, fibers run criss-cross 
in all directions, uniting skin to Epi- 
cranius. Between the fibers fat is im- 
prisoned, and there the \ essels and 
nerves run. 

Nerves. Of the crani?l nerves (bar 
the auricular twigs of the facial and vagus 
nerves) onlj’ the trigeminal (V) has cu- 
taneous branches. Of the spinal nerves, 
the 1st cervical nerve sometimes re- 
sembles the last cranial nerve in that it 
loses the sensory root which it po.ssessed 
.in embryonic life. ' 

Knowing this, you will appreciate that 
the sequence in which the sensory nerves 
appear in the scalp is an orderly one from 
front to back-:;;;-V*, V®; anterior rami 

of cervical nerves 2 and 3 ; and posterior 
rami of ceiw.'ical nerves 2 and 3 {Jig (120 1 . 
Note that the supra-orbital jier\'es reach 
nearly to the lambdoid sutun'. 


Arteries. The anastomosis between 
the arteries of the scalp is extrehaely free. 
These arteries are derived either indirectly 
from the intern^,! carotid through its 
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Fig. 626 . The seneory nerves and the 
arteries of the scalp. 


ophthalmic branch (viz., supratrochlear, 
supra-orbital j or directly from the ex- 
ternal carotid (viz., superficial temporal, 
posterior auricular, occipital). {Fig. 
626 .) 






CHAPTER 20 


THE POSTERIOR TRIANGLE OF THE 
NECK 


resistance of. your hand, your Sterno-mas- 
toids will stand out and they may be pal- 
pated with your free hand. If now you 


Boundaries. The middle third of the 
clavicle is the base of the triangle; the 
posterior border of the Sterno-mastoid is 
the anterior side; the anterior border of 
the Trapezius is the posterior side; the 
point where these two muscles meet on 
the superior nuchal line is the apex. 
Figuro 48 will remind you that the 
clavicle also forms the base of the delto- 
pectoral triangle. 

The posterior triangle is formed as the 
result of a longitudinal cleavage of what 
in embryonic life was a single muscle 
mass, now the Stemo-Cleido-Mastoideus 
and the Trapezius. Above, these two 
muscles have a continuous attachment , 
extending from the inion to the tip of the 
mastoid process. This attachment is 
aponeurotic; so, it produces a ridge, the 
superior nuchal line. The mastoid 
process is the extremity of this line 
drawn out by the Sterno-mastoid so, it 
takes the downward, forward, and medial 
direction of the pull of the Sterno- 
mastoid (Jig. 627). Belo\v, the two mus- 
cles have a discontinuous attachment to 
the clavicle, the Trapezius being attached 
to the posterior border of its flattened 
lateral third; the Sterno-cleido-iiiA^oid- 
eus (clavicular head) to the superiorj^ 
border of its medial third. The sternal 
head crosses in front of the sterno- 
clavicular articulation and finds attach- 
ment to the sternum just below. It is 
fibrous, of course. 

Adion. Flex your head and neck, so 
that you are looking at your toes, and let 
your forehead rest in the palm of your 
hand. If you continue to flex against the 


rotate your bent head and neck, so that 
you look sideways up, the Sterno-mastoid 
of the opposite side will become still more 
prominent. 

The Platysma is superficial to the lower 
part of the triangle (poje 650). ^ 

The Investing Deep Fascia of the neck 
covers the posterior triangle and splits to 
envelop the Sterno-mastoid in front and 
the Trapezius behind. In obedience to 
the law that deep fascia does not cross 
bare bone but is attached to it except 
where some muscle, vessel, or nerve in- 
tervenes to detach it, it is found that the 
deep fascia is attached to the upper 
border of the middle third of the clavicle- 
between the insertions of the Sterno- 
mastoid and* Trapezius, that is, to the 
base of the posterior triangle. It is 
regarded as the roof of the triangle. 

Crossing the triangle immediately deep 
to tlie fascial roof are the accessory nerve 
and branches of nerves C. 3 and 4. 

The Spinal Part of the Accessory 
Nerve (N.XI) is the nerve to the Sterno- 
mastoid and Trapezius, and it spans the 
gap between them. If is the highest 
structure in the triangle, and it is placed 
very superficially — immediately deep to 
the investing fascia. The accessory 
ne?v^e has a curious origin: arising. from 
the upper 5 or 6 segments of the spinal 
?ord, it enters the cranial cavity by the 
foramen magnum only to leave again 
by the foramen jugulare (Jig. 716, p. 716). 
In the neck it passes obliquely down- 
wards and backwards from the transverse 
process of the atlas to the superior angle 
591 
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of the scapula (Jig. 73). En route it 
disappears under cover of the anterior 
border of the Sternomastoid less than 
inches below the tip of the mastoid 
process. Here lymph glands surround 
it. It reappears at what you would • 
estimate to be the middle of the posteiior 
!)order of this muscle. Here more lymph 
glands surround it, and the lesser oc- 
cipital nerve takes a recurrent couise 


part above the nerve you may dissect 
carefree for there is no important structure 
to damage ; but below you must be careful. 

Branches of Cervical Nerves 3 and 4 
cross the posterior triangle subfascially 
a finger’s breadth or loss below and 
parallel to the accessory nerve, and they 
are apt (o be mistaken for it. Some of 
these sensory branches pass deep to the 
Trapezius and enter it; others, lateral 
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below it. It then crosses the posterior 
triangle subfascially, superficial to the 
Levator Scapulae, and disappeai-s again, 
this time under cover of the anterior 
border of the Trapezius, 2 to 3 fingers' 
breadth above the clavicle. Sensory 
twigs from C. 2, 3, and 4 join it in variable 
parts of its course. 

The acl^sory ner\’e is the Jjighest 
structure in the triangle, and it divides 
it into two nearly equal parts: in thq 


branches of the supraclavicular nerves^ 
pass superficial to it. The intermediate 
and medial branches of the supraclavicu- 
lar nerves also descend subfascially and 
cross the clavicle {fig. 39). 

The Omohyoid is one of the depressor 
inusck's of the larynx. During develop- 
ment a backward extension (the inferior 
belly) of this straplike muscle passed 
from the anterior to the posterior triangle 
and gained attachment to the upper 
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border of the scapula beside the supra- 
scapular notch. It passed deep to the 
Stemo-mastoid and dragged its nerve 
after it. 

The inferior belly of the Omohyoid 
rises one or two fingers' breadth above 
the clavicle. A layer of condensed areo- 
lar tissue binds it down to the fascia 
covering the Subclavius and forms an 


at the posterior border of the Steruo- 
mastoid an inch above the clavicle, pierces 
the fascia retaining the Omohyoid, and 
ends in the suhclavian vein.' 

Branches. The transverse cervical^ su- 
prascapular, and anterior jugular veins 
communicate with each other in the pouch 
between the investing deep fascia and the 
fascia retaining the Omohyoid, and end 



Fig. 02S. The superficial veins of the face and neck. Note connections with (1) pterygoid 
plexus, (2) ophthalmic veins and therefore cavernous sinus, and (3) frontal djploic vein. 


inverted sling for it. There is, therefore, 
a pouch between the ‘‘Omohyoid fascia" 
and the investing deep fascia. Some- 
times the inferior belly does not extend 
beyond the clavicle. This inconstant 
belly is said to divide the posterior tri- 
angle into a small subclavian triangle and 
a large occipital one. 

The External Jugular Vein {fig. 628) de- 
scends subplatysmally across the Sterno- 
mastoid, pierces the investing deep fascia 


in the external jugular vein. The termi- 
nal part^of the anterior jugular vein lies 
along the upper border of the clavicle deep 
to the Sterno-mastoid. 

The Floor of the Triangle is formed by 
several muscles whose fibers run obliquely 
downwards and backwards. Of these, 
the Levator Scapulae occupies a some- 
what central position. It arises from the 
posterior tubercles of the transverse proc- 
^ses of the upper four cervical vertebrae, 
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and it is inserted into the vertebral clavian artery. It arises from the an- 
border of the scapula between the root terior tubercles of all the transverse 
of the spine and the superior angle. The processes that possess anterior tubercles, 
accessory nerve is superficial to it, par- namely, 3^ 4, 5^ and 6. Its posterior 
allel to its fibers, and serves as a guide border is parallel with the posterior 
to it. Above the Levator and parallel border of the Sterno-mastoid, and lies 
with it is the soft-grained Splenius so slightly behind it that it barely ap- 
Capitis. Below the Levator and parallel pears in the triangle. Follow its pos- 
with it are the 'Ihree Scaleni (Jig. 702). terior border downwards to the insertion 



Fig. 029. Transverse section <.r flu neck showing the pre- and post-vertebral fasciae 
prolonged into the axilla as a tubtilar coveiing (axillary sheath) for the brachial plexus and 
subclavian vessels. The nerves shoun in figure 630 remain deep to this fascia. 

Of these, the Scctienus MccJiius arises from of the muscle into the scalene tubercle of 
the posterior tubercles of all the cervical Lisfrant*, which is situated on the upper 
transverse processes (2, 3, 1, 5 and 0) surface of the first rib between the groove 
except the first and last, and it isMnserted for the subclavian vein in front and the 
into the upper surface of the first rib be- groove for the subclavian artery behind, 
tween the groove for the subclavian artery The lateral border of the 1st rib forms 
and the neck of the rib. The Scalenus the lower limit of the floor, and there the 
Posterior bo considered as the portion subclavian artery becomes the axillary 
of the M^ius that passes on to the second artery. The digit£^ion^pLtke_.Sm:^ 
rib. The ^lenus Anterior is separated Anterior that arises from tfee^gratjib 
from the ^leni Medina and Posterior therefore forms part of thefloor. A small 
by the brachial plexus and the 8ut>- part of the Semispinalis Capitis may 
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appear at the apex of the triangle above 
the Splenius. It is told by its vertically 
running fibers. It is crossed by the 
occipital artery {fig, QSQ). 

The Fascial Caxpet. The muscular . 
floor is carpeted with a layer of fascia. • 
This fascia is part of the pre- and post- 
vertebral fasciae that envelope like a 
sleeve the vertebral column and the pre- 
and post-vertebral muscles. Of course, 
the cervical nerves leaving the interverte- 
bral foramina, and the subclavian vessels 
leaving the thorax, are at first deep to this 
carpet. The carpet covers the subclavian 
vessels and the roots of the brachial plexus 
and it provides them with a tubular 
^eath, the axillary sheathy as they enter 
the axilla (Jig, 629), It also covers the 
motor nerves to 4 important muscles — 
Levator Scapulae, Rhomboids, Serratus 
Anterior, and Diaphragm. Now, these 
nerves are safe and cannot be damaged so 
long as the fascial carpet is left intact, ^pr* 
having no occasion to pierce the carpet 
they course between it and the muscles of 
the floor. 

The Danger Area in the Posterior 
Triangle. From what has been said it 
should be clear that the area of danger 
lies below the level of (caudal to) the ac- 
cessory nerve and deep to the plane of the 
fascial carpet. (1) To find the nerve 
you must know its surfaop anatomy. (2) 
To find the carpet you must use either 
your fingers or two pairs of blunt forceps. 

The Great Vessels. The subclavian 
vessels and the brachial plexus are the 
most important structures in the pos- 
terior triangle of the neck. Really they 
belong to the upper limb, the clavicle 
being an artificial barrier between the 
neck and the limb. As the vessels and 
the plexus pass downwards behind the 
clavicle and Subclavius, their sheath be- 
coines attached to the sheath of the Sub- 
clavius (clavipectoral fascia) {fig.^0). 


The Subclavian Vein is the continua- 
tion of the axillary vein. It begins at 
the lateral border of the 1st rib and ends 
at the medial border of the Scalenus 
Anterior by joining the internal jugular 
vein to form the innominate vein. The 
vein is separated by the Scalenus ^^nterior 
from its artery; both vessels groove the 
1st rib. The rib is obliquely set ; so, the 
vein lies antero-inferior to the aitery, and 
it docs not rise above the clavicle. 

It has one tributary, the external jugular 
veiriy and perhaps anc^her, the thoracic 
(or right lymph) duct, which opens into 
its angle of union with the internal jugular 
vein. At its junction with the axillary 
vein there is a valve^ and there is no valve_ 
between this and the heart. 

The Subclavian Artery and the brachial 
plexus appear through the floor between 
the Scaleni Anterior ahd Medius. 

The 3rd part of the artery extends from 
the lateral border of the Scalenus Anterior 
to the lateral border of the 1st rib where 
it becomes ^the axillary artery. The 
axillary artery has been seen to pass 
within a finger’s breadth of the tip of the 
coracoid process (p. 86). 

Mapped on the skin, the arterj'- runs 
from a point just behind the posterior 
border of the Stemo-mastoid and a 
finger’s breadth above the clavicle to- 
wards a point a finger’s breadth medial to 
the tip of the coracoid. .This line crosses 
the midpoint of the clavicle. 

Below it are the 1st rib and the pleura. 
Behind it are Scalenus Medius and the 
Jowest tmnk of the brachial plexus. 

In front of it are: the Platysma, cutane- 
ous nerves, three layers of fascia^ and a 
plexus of veins ; the clavicle, Subclavius, 
and the suprascapular artery? and the 
subclavian vein is antero-inferior. 
Branches, The 3rd part of the artery 
has no regular branch, but in about 10 per 
c%nt of limbs either ^he transverse cervical 
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a., or its deep brancli, or the suprascapular idth of the groove between anterior and 
a. arises from it (Jig, 079). posterior tubercles depends on the size of 

The Brachial Plexus (y/( 7 . 6*. ^0). Termi- the anterior ramus around which the 
nology. Tn the thoracic, lumbar, and process is moulde^l, and it increases from 
sacral regions the spinal nerves are named ‘M'd to (Uh (Jig. These facts assist 

numerically after the vertebrae' above in the reassembling of disarticulated 
them. Tn the cervical region, ho\^ever, vertebrae. 

tlicy are named after tli(‘ vertebrae below The upper limb originally occupied the 
them. What of* the nerve between the level of the segments from which it 



Fia. 630 The floor of the posterior triangle and the nerves that have no occasion to pierce its 
fascial carpet. ' 


7th cervical and 1st thoracic vertebrae? derives its nerves; but it descends, drag- 
It is grouped with the ccrvical|. nerves, ging them after it. This accounts for 
making the 8th. So, there are 8 cervical the obliquity of the plexus, 
nerves, but only 7 cervical vertebrae. The Brachial Plexus is formed by the 

The Transverse Processes of the cervical anterior rami of nerves C. 5, 6, 7, and 8 
vertebrae have a downward lilt due to the and Th. 1. The anterior ramus at each 
pull of muscles and each possesses a pos- end of the series, namely, C. 4 and 
terior tubenple. Anterior tubercles are Th. 2, commonly contribute branches, 
i^sent fronWhe first, second, and seventh Occasionally the plexus is moved more 
cervical transverse processes and present or less bodily a segment headwards 
on the 3rd, 4th, 5th, and 6th; and the (prefixed) or tailwards (postfixed). 
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Rami 5, 6, and 7 take descending rourses, 
8 runs horizontally, 1 ascends. The 
rami increase in size from each end of the 
series to C. 7, which ii^ the middle and 
largest ramus of the plexus. The cervical 
pleura rises in front of ramus Th. 1 to the 
level of ramus C. S {Jkj. 690). The plexus 
begins in front of the Scalenus Medius as 
five anterior rami and ends at the lower 
border of the Tectoralis Minor as five 
nerves (museulo-culaneous, median and 
ulnar; circumflex and radial). 

The plexus is composed as follows {fig. 
65) : rami 5 and G unite to form an upper- 
most trunk; ramus V. 1 continues as a 
middle trunk; rami V. 8 and Th. 1 unite 
at the neck of the Isl iib to form a lowest 
trunk. The lowest trunk lies on the hrst 
rib behind tlu' subclavian artery and is m 
part responsible . for the groove often 
attributed to the artery. Each of the 
three trunks divides into an anterior and 
a posterior division. Behind the clavicle 
the three posterior divisions unite to 
form the posterior cord of the plexus, 
whilst the upper and middle anterior 
divisions unite to form the lateral cord, 
and the lowest anterior division continues 
as the medial cord. The three cords of 
the plexus are disposed around the second 
part of the axillary artery, that is, behind 
the Pectoralis Minor, a finger's breadth 
from the tip of the coracoid process. 

The roots of the plexus supply the 
Rhomboids, Serratus Anterior, Sub- 
clavius, and Diaphragm in part. They 
also supply the neighboring prevertebral 
muscles and they receive gray rami from 
the middle and .inferior cervical sympa- 
thetic ganglia {fig. 766). 

If the handle of the knife is carried 
along the lateral border of the plexus, it 
will be led away by the most lateral 
branch of the plexus, the suprascapvlar 
nerve^ to the suprascapular notch at the 
root of the coracoid process. 


The Nerves to 4 Muscles- T/^vator 
Scapulae, Rhomboidci, Serratus Anterior, 
and Diaphragm- course betw^een the 
muscular floor of the triangle and its 
fascial carpet. The nerves to the first 
•three are to be found between the ac- 
cessory nerve above and the upper border 
of the brachial plexus below. They arise 
from the posterior aspects of anterior 
nerve rami, and the}^ join in the general 
infero-lateral slope. Thus: 2! 

(J ) A branch from C. 3 and one from 
C. 4 arise with the roc^*^ of the supra- 
clavicular nerves, descend on the LeDcUor 
Scapulae, and supply it within the 
triangle. ^ 

(2) A branch from C. 5 supplies the 
Rhomboids and sends a twig to the 
Levator Scapulae. It crosses the Scale- 
nus Medius, usually after piercing it, and 
disappears deep to the anterior border of 
th(' T.evator Scapulae. 

» (3) Branches from C. 5, 0, and 7 supply 

the Serratus Anterior. Those from C. 5 
and 0 join and cross the Scalenus Medius, 
usually after piercing it, with or just 
below the nerve to the Rhomboids. 
Branch C. 5 ends mainly in the highest 
digitation of the Serratus; braneh C. G 
enters the axilla applied to the Serratus. 
Branch C. 7 is concealed by the brachial 
plexus which shelters it from danger. To 
find it, pull the plexus forw^ards and seek 
for a long, stout threa^l which leaves 
trunk C. 7 and descends behind it. This 
thread crosses in front of the Medina, 
passes o^ to the Serratus Anterior, and 
ren^ains applied to it as far as its lowest 
digitation. It enters the axilla behind 
the brachial plexus and great vessels 
and is there joined by branch C. 6. 

(4) The Phrenic Nerve is not within 
the geometrical limits of the triangle, but 
it is in danger of injury w'hen the SternCH'" 
mastoid is retracted ; so is the internal 
jifgular vein, which descends in front of 
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the phrenic nerve. It would be an 
omission not to mention these important 
structures. The phrenic nerve arises 
'from the anterior ramus of C. 4 and 
gets twigs from C. 3 and 5. It descends 
vertically on the Scalenus Anterior and 
is in naked contact with it, because 
having no occasion to pierce the prever- 
tebral fascia, it remains deep to it. 

Very 'liable to damage, because it 
pierces the fascial carpet earl^^ is the im- 
portant nerve (C. 5 and 6) to the unim- 
portant t^uhclavvis. This long thread 
commonly delivers 1o tlie phrenic nerve 
the contribution from C. 5. Hence, it is 
surgically important. The nerve to the 
Svbclavius and its contribution to the 
phrenic nerve descend in front of the 
brachial plexus and subclavian vessels; 
whereas the phrenic nerve descends be- 
tween subclavian artery and vein and 
receives the contribution beyond them. 

Arteries and Lymph Glands. The < 
suprascapular (transverse scapular) and 
transverse cervical arteries spring from 
the 1st part of the subclavian artery via 
the thyro-cervical trunk {fiQ. G79). 
They pass in front of the Scalenus An- 
terior and the fascia covering it, and they 
clamp the phrenic nerve in place. The 
former runs behind the clavicle to the 
suprascapular notch. The latter lies 
at a higher level and splits at the anterior 
border of the Levator Scapulae into two 
branches, of which one accompanies the 
accessory nerve and therefore passes 
superficial to the Levator; the ®ther ac- 
companies the nerve to the Rhombgids 
and therefore passes deep to the Levator. 

Either of these arteries or one of the 
branches of the transverse cervical a, 
may arise from the 2nd or 3rd part of the 
subclavian artery, and any of them may 
thread its Wsy among the branches of the 
plexus. 

There may be a quantity of fat betwefen 


the fascial roof of the triangle and the 
fascial carpet. In it are the inferior 
deep cervical (supraclavicular) lymph 
glands. They drain the back of the 
scalp and neck and they usually receive 
some efferent vessels from the upper 
deep cervical, axillary, and delto-pectoral 
glands. These glands empty into the 
jugular lymph trunk. The axillary 
glands empty into the subclavian lymph 
trunk, which follows the subclavian vein 
to the thoracic (or right lymph) duct. 

Cutaneous Nerves (fig. 627). Because 
nerve C. 1 has no cutaneous branch and 

because the anterior rami of C. 5 Th. 1 

are carried bodily into the upper limb, as 
the brachial plexus, it falls to the anterior 
rami of C. 2, 3, and 4 to supply the 
cutaneous territory between the trigem- 
inal nerve above and Jbhe 2nd thoracic 
nerve below (fig. 527). This they do 
by means of four nerves that radiate 
fr,om about the middle of the posterior 
border of the Sterno-masioid. Thus : 

( 1 ) The Lesser Occipital N .(C. 2) hooks 
round the accessory nerve and ascends 
near the posterior border of the Stemo- 
mastoid. It gives off side branches and 
ends in the scalp. 

(2) The Great Auricular N. (G. 2, 3) 
runs across the Stemo-mastoid towards 
the front of the lobe of the ear. It is either 
in contact with the external jugular vein 
or at some distance behind it. Mastoid 
branches pass to the skin of the mastoid 
region; auricular branches pass to the 
cranial surface of the auricle and to the 
lower part of its lateral surface; facial 
branches pass to the skin covering the 
parotid gland and Masseter, and branches 
anastomose with the facial nerve. 

(3) The Anterior CiUaneus Colli N. (C. 
2, 3) crosses the Stemo-mastoid trans- 
versely near its middle and supplies the 
skin between the jaw and the sternum. 
It does so through two maifi branches : of 
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these, one runs upwards along the anterior 
border of the Stemo-mastoid and com- 
municates with the cervical branch of the 
facial nerve; the other runs downwards 
along this border. The end twigs pierce 
the Platysma. The stem of the nerve 
passes either superficial or deep to the 
external jugular vein. 

(4) The Svpraclavicular Nerves (C. 3, 4) 
arise from a common stem that divides 
into three branches: the medial branch 
descends along the posterior border of 
the Sterno-mastoid to the clavicle, turns 
forwards and pierces the Platysma; the 
intermediate branch descends, divides, and 
crosses the middle third of the clavicle, 
and pierces the Platysma; the lateral 
branch runs parallel to the acces^^ory 
nerv’C and a little below it and passes 
superficial to the Trapezius. The supra- 
clavicular nil supply the skin covering the 
lower part of the posterior triangle and 
the acromial region and also the skin 
covering 1 he Pectoralis Major and Deltmd 
above the h'vel of the 2nd rib. 

THE BACK 

The Muscles of the back of the head 
and trunk are arranged in superficial, 
intermediate, and deep groups. The 
superficial group acts upon the limbs; the 
intermediate group is respiratory in action; 
and both have migrated or spread back- 
wards across the deep group of muscles. 
This isJndicated by their nerve supply — 
the accessory nerve and anterior nerve 
rami. The deep group is intrinsic to the 
back; it is composed of ‘^native^' muscles 
supplied by posterior nerve rami. 

Superficial 

(1) Trapedus and Latissimus Dorsi. 

(2) Levator Scapulae and Rhomboidei. 

Irdermediate 

(3) Serrati Posteriores (superior et in- 
ferior) {fig, eS4). 


Deep 

(4) Splenius (cervicis et capiti.s). 

(5) Longitudinal muscles or Sacro- 
spinalis (llio-costo-cervicalis ; Longis- 
simus; Spinalis). 

(6) Oblique muscles (Semispinalis; 
Multifidus; Rotatores). 

(7) Remaining muscles (Interspinales, 

Intertransversalcs; Levatores Costarum;* 
Suboccipital muscles). • 

The Skeletal Parts covered by the deep 
or intrinsic muscles are: (a) the nuchal 
region of the skull ; {h\ the dorsal aspect 
of the vertebral column, and the ribs be- 
tween the tubercles and angles; and (c) 
the posterior ^threc inches of the iliac 
crest. These 3 ^ou should examine in the 
articulated state prior to, and con- 
currently with, your examination of the 
soft parts. 

The Skull Viewed from Behind : Norma 
Occipitalis. The Outline of the norma 
• occipitalis is horseshoe-shaped and ex- 
tends fr6m the tip of one mastoid process 
over the vault to the tip of the other 
(fig, 631), On each side it crosses in 
turn the supramastoid crest, parieto- 
mastoid suture, parietal eminence, 
and temporal lines. At the base of the 
skull the outline extends nearly hori- 
zontally from one mastoid process to 
the other, except where the condyles 
project downwards. Medial to the mas- 
toid process the outline crosses two 
grooves: the lateral one gives origin to 
the posterior belly of the Digastric; the 
medial one lodges the occipital artery. 
It^then crosses the occipito-mastoid su- 
ture, the jugular process of the occipital 
bone, the occipital condyle and the 
foramen magnum. 

- The Surface of the norma occipitalis 
is convex and includes parts of the 
parietal, occipital, and temporal bones. 

^ 1 The Levatores Costarum are supplied by 
.anterior rami (see p. 504, and fig. 525). 
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At the center is the lambda. From it a 
iriradiaie suture runs: the sagittal (inter- 
parietal) suture to the vertex, the lamb- 
doid (parieto-occipital) suture to the 
blunt postero-iriferior angle of the pari- 
etal bone on each side. There the 
lambdoid suture divides into two limbs: 
one limb continues downwards and for- 
wards as the oceipito-mastoid suture to 
the root ^f the styloid process; the other 
runs forwards as the parieto-mastoid 
suture. On each side there are three 
foramina for emissary veins: (1) the 
parietal foramen situated close to the 



sagittal suture .transmits a small vein 
from the superior sagittal sinus; (2) 
the mastoid foramen situated close to the 
occipito-mastoid^ suture, and (3) the 
posterior condylar foramen, which opens 
on to the posterior condylar fossa, trans- 
mit veins from the sigmoid sinu^. Any 
of the three may be absent. (Meningeal 
twigs 'of the occipital artery traverse the 
mastoid and parietal foramina.) The 
posterior condylar fossa receives the rim 
of the articular process of the atlas when 
the head is extended. Midway between 
the lambdaWnd the foramen magnum is 
the inion or external occipital protuberance. 
From it the superior nuchal line curves 


to the rough lower half of the outer 
surface of the mastoid process, which in- 
deed is the drawn out end of the superior 
line. The Trapezius creates the medial 
§ of the line; the Sterno-mastoid and 
, Splenius Capitis create its lateral f and 
draw out the process. The surface be- 
low the superior nuchal line is the 
nuchal areUy or area for the muscles of the 
neck (nucha = neck). The surface above 
is divided unequally into the scalp area, 
mastoid area, and temporal fossa. 

The nuchal area is the one that par- 
ticularly concerns you at the moment. 
When the neck muscles are massive, the 
inion and the superior nuchal lines mount 
high; but normally the positions of the 
external (inion) and internal occipital 
protuberances almost correspond The 
external occipital crest is a sharp crest that 
gives attachment to the ligamentum 
nuchae and runs from the inion to the 
, foramen magnum. The inferior nuchal 
line curves laterally from the midpoint 
of the external occipital crest and lies 
midway between the superior nuchal line 
and the foramen magnum. 

Whnn one falls on the back of one’s 
head it is not the inion that vStrikes the 
ground hut- the posterior pole of the skull, 
wliich lies an imjh or so above the inion. 

The Articulated Vertebral Column 
Viewed from Behind. The articulated 
column is seen as two longitudinal gut- 
ters, one on each side of the middle line. 
Each gutter extends from the tips of 
the spinous processes to the tips of the 
transverse processes. Consider the ele- 
ments of the gutter one by one: 

Spinous Processes. Of the various 
spinous processes C. 1 (the atlas) is 
reduced to an upturned tubercle — a 
spine here would interfere with extension 
of the head; C. 2~C. 6 are bifid in white 
races; C. 7 (the vertebra prominens) is 
less prominent than Th. 1 ; Th. 5-8 (the 



THE HEAD AND* NECK 


601 


middle 4 thoracic spines, situated behind 
the pericardium) are almost perpendicu- 
lar, and are markedly overlapping; Th. 10 
is often disproportionately small; Th. 11 
(the anticlinal vertebra) is directed hori- 
zontally backwards, and the spines above . 
it and below converge on it; the lumbar 
spinous processes are oblong plates; the 
upper three or four sacral spines form a 
median crest; the lower sacral and the 
coccygeal spines are missing. Supra- 
spinous and interspinous ligaments unite 
the spines. In the neck the supraspinous 
ligament is the ligamentum nuchae It 
is triangular. Its posterior border is 
free; its anterior border is attached to the 
cervical spines; its superior border is 
attached to the inion and external occip- 
ital crest. The pull of the ligamentum 
nuchae and Trapezius account for the 
direction of the inion. 

The Laminae are bandlike and tend to 
overlap the laminae below — testiido^ 
fashion. They are united to each otfier 
by ligamenta flava. Their infero-lateral 
angles carry the inferior articular proc- 
esses. These remarks do not hold for 
laminae C. 1, known as the 'posterior 
arch of the atlas, which is slender, com- 
pressed from above downwards, and 
grooved above on each side by the cor- 
responding vertebral artery. Above and 
below the posterior arch of the atlas 
there is a wide interlaminar space closed 
by membranes (posterior atlanto-oc- 
cipital and atlanto-axial). The lumbar 
interlaminar spaces also are wide. 
Flexion of the spine, of course, enlarges 
all interlaminar spaces. The upper 
sacral laminae are fused. The lower 
sacral and the coccygeal laminae are 
absent; so, the posterior surfaces of the 
bodies of these vertebrae are exposed. 

The Articular Processes partaking 
in the atlanto-occipital and atlanto-axial 
joints lie on a plane anterior to the sub- 


sequent articular processes and are not 
serially homologous with them {fig, 632). 
The subsequent cervical articular proc- 
esses are segments of a column cut 
obliquely. Note particularly that the 
cervical articular processes afford attach- 
ment to the posterior roots of the trans- 
verse processes.. The inferior articular 



processes are visible from behind in all 
regions. The posterior margins of the 
superior articular processes of the atlas 
and axis and of the lumbar and first 
sacral vertebrae are viable from behind. 
The sacral articular processes amalga- 
mate on each side to form an interrupted 
crest of articular tubercles. It lies medial 
tef the posterior sacral foramina and it 
ends below as a sacral cornu, which by 
articulating with the corresponding 
coccygeal cornu completes a foramen for 
the 5th sacral nerve {fig. 633). On 
extension of the spine the lower borders 
of the inferior articular processes engage 
in nits. 
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The Transverse Processes of C. 1 
and C. 7 project far beyond those of 
C. 2-6, which are just visible beyond the 
articular processes (Jig. 701). Th. 1-12 
diminish progressively in projection. L. 
1-5 project farther than C. 1 and C. 7, 
L. 3 being the most projecting of all 
transverse processes. L. 5 lies below 
the level of the iliac crest and, due to its 
special function, is stout, directed up- 
wards and backwards, and is conical 
(p. 332) . The sacral transverse processes 
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Fig. G33. The poslerior aspect of the sacrum 
and coccyx. 


form an irregular crest of transverse tuber- 
cles which ends below as the infero- 
laieral angle qf the sacrum. A ligament, 
commonly ossified, joins this angle to the 
transverse 'process of the coccyx, thereby 
forming a foramen for the anterior ramus 
of the fifth sacral nerve. 

The Posterior Sacral Foramina 
are 4 in number on each side. They are 
sharp and round and admit a lead pencil. 
They lie between the articular and trans- 
verse tubercles! They communicate in 
front with anterior sacral foramina 
and medially with the sacral canal. The 
lead pencil passes straight forwards 


through the anterior sacral foramina to 
the front of the sacrum. 

The Ribs. The distance between the 
tubercles and angles of the ribs diminishes 
from below upwards; and they meet on 
the 1st rib. The backward tilt of the 
thoracic transverse processes allows the 
ribs to curve backwards almost as far as 
the spinous processes. Here they are 
twisted to form angles, and are marked 
by lines resulting from the attachment of 
the Ilio-costo-cervicalis. Owing to the 
downward slope of the ribs, the angles lie 
on nearly the same horizontal plane as 
the tips of the spinous processes with 
which they correspond numerically. 

A lumbar transverse process is morpho- 
logically a costal or rib element; and, a 
tubercle, called the accessory process, 
situated behind its root is in series with 
the thoracic transverse processes and 
posterior roots and tubercles of the cer- 
vical transverse processes, i.e., it is the 
mbrphological transverse process (fig. 28). 
It gives insertion to slips of the 
Longissimus and ; so, is pulled downwards. 
On the back of the rim of each lumbar 
superior articular process there is a 
tubercle, the ?namillary process. It gives 
origin to the Multifidus and is therefore 
pulled upwards. The transverse proc- 
esses of the Jlth and 12th thoracic 
vertebrae do not support ribs; so, they 
are rudimentary. The 11th and 12th 
vertebrae have mamillary processes; and 
the 12th has also an accessory process. 

The Iliac Crest. The hinder three 
inches of the iliac crest lies above the 
rough area (tuberosity) for the strong 
interosseous sacro-iliac ligament and is 
therefore medial to the smooth iliac 
fossa. It gives origin to the Sacro- 
spinalis and therefore belongs to the 
region of the deep muscles of the back. 

The Intermediate Muscles of the 
Back and the Splenius. It is profitless to 
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play, because there is no fat here. The 
tough subcutaneous tissues at the back 
of the neck and the fascia of the sub- 
occipital region cause delay in the dis- 
section of the nerves. You should cer- 
tainly make the following observations. 

The deep muscles (longitudinal, 
oblique and others) are bridged by the 
Serrati in the thoi'acic region, by the lum- 
bar (lumbp-dorsal) fascia in the lumbo- 
sacral region, and by the Splenius in the 
cervical region and they cannot be viewed 
till these have be^n detached from the 
spines in the respective regions. 

The Sehratus Posterior has a su- 
perior and an inferior part. Each part 
has four slips with aponeurotic origins 
and fleshy insertions. The Serratus Pos- 
terior Superior arises from the lower 
cervical and upper thoracic spines and 
passes downwards and laterally to the 
upper ribs (2-5) beyond their angles. 
The Serratus Posterior Inferior blends 
with the lumbar fascia and through it 
gains attachment to the upper lumbar 
and lower thora(*ic spines. It passes 
transversely to the lower ribs (9-12) 
lateral to their angles. Both j)arts of 
this muscle elongate the thoracic cavity 
and so act as muscles of inspiration. 
They have migra.ted medially superficial 
to the deep muscles and are supplied by 
anterior nerve rami. Phylogenetically 
they form a continuous muscle sheet. 

The Splenius is a specialized and 
detached part of the deep group of 
muscles which it has come to bridge. In 
fact, it is wrapped around them as its 
name implies (splenius L. = a bandage*). 
It arises from the lower half of the lig- 
amentum nuchae and from the upper 
thoracic spines (Th. 1-6). Its fibers 
pass semi-spirally upw^-rds and laterally 
and separate^to two parts, the Splenius 
Cervicis and Splenius Capitis. The 
Splenius Cervicis passes deep to th^ 


Levator Scapulae and shares its attach- 
ment to the cervical vertebrae (posterior 
tubercles C. 1-3 or 4). The Splenius 
Capitis passes deep^to the Sterno-mastoid 
and shares its attachment to the superior 
nuchal line and mastoid process. It 
forms the floor of the posterior triangle 
of the neck above the Levator Scapulae. 

The Lumbar (Lumbo-dorsal) Fascia 
is the dorsal aponeurotic attachment of 
the Transversus Abdominis (figs. ^86, 
300). Just as the Obliquus Abdominis 
Internus splits to form a sheath for the 
Rectus Abdominis, so the posterior 
aponeurosis of the Transversus Abdom- 
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Fio. 036. The muscles of the back on cross 
section (schematic). Note: the deeper the 
muscle the shorter its span and the nearer it is 
to the vertebral canal. 


inis splits to form a sheath for the deep 
vertebral muscles ; and its fibers run 
transversely. Its superficial layer , called 
the posterior lamella of the lumbar 
fascia, is tough and thick. It passes 
behind the deep muscles to be attached to 
the lumbar spines. It can be traced 
downwards to the sacral spines, coccyx, 
transverse tubercles of the sacrum, crest 
of the ilium, and adjacent ligaments. 
The Latissimus Dorsi and Serratus Pos- 
terior Inferior reinforce it. It can be 
traced upwards as an areolar membrane 
(the vertebral fascia) to t^e skull. Its 
deep layer passes between the deep 
muscles and the Quadratus Lumborum 
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to be attached to the tips of the lumbar 
transverse processes, and also to the last 
rib above and to the iliac crest below. 
This layer, called the jniddle lamella of 
the lumbar fascia, is a strong, thin apo- 
neurosis like the popliteal fascia. A thin 
areolar membrane, which covers the 
Quadratus Lumborum in front, is known 
as the anterior lamella of the lumbar 
fascia. 

The Deep or Intrinsic Muscles (fig, 
036), The Longitudinal Group of 
Muscles, called the Sacro-spinalis (Erec- 
tor Spinae), has: (1) a dense aponeurotic 
origin which is practically co-extensive 
with the attachment of the posterior 
lamella of the lumbar fascia covering it, 
and (2) a fleshy origin from the inter- 
osseous sacro-iliac ligament and the part 
of the iliac crest above it. A little 
below the last rib the Sacro-Spinalis 
splits into 3 longitudinal columns named: 
Ilio-costo-cervicalis, Longissimus, and ^ 
Spinalis. 

Observaiio7is. More tendinous slips 
than can be accommodated endeavor to 
find attachment, one behind the other, 
on the posterior tubercles of the cervical 
transverse processes; so, the hindmost are 
crowded on the articular processes 
whose close proximity makes this simple 
(figs, 637, 638). 

The Ilio-costo-cervicalis (ilio-costalis, 
costalis, and costo-cervicalis) is inserted 
into the angles of the ribs and to the 
cervical transverse processes (C. 4-6) by a 
series of relayed bundles that extend over 
about six segments; where one slip is 
inseribed another slip arises on its medial 
side. These slips are responsible for the 
roughness at the angles of the ribs. 

The Longissimus (thoracis, cervicis and 
capitis) is inserted into lumbar acc^ory 
and transverse processes, and into tho- 
racic transverse processes and nearby 
parts of the ribs (Th. 2-12). Bundles 


arising medial to these (Th. 1-4) are re- 
layed to the cervical transverse processes 
(C. 2-6) as the Longissimus Cervicis. 
Other bundles arising medial to these 
again (upper Th. transverse and lower C. 



Fig. 637. The muscles attached to the trans- 
verse and artictilar processes of a cervical 
vertebra. (A) Longus Cervicis. (B) Longus 
Capitis. (C) Scalenus Anterior. (D) Scale- 
nus Medius. (E) Scalenus Posterior. (F) 
Levator Scapulae. (G) Spleniusv^^Cervicis. 
(H) Ilio-costo-cervicis. (I) Longissimus Cer- 
vicis. (J) Longissimus Capitis. (IQ Semi- 
spinal is Capitis. (L) Semispinalis (Jervicis. 
(M) Multifidus. 
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Fig. (^S. Graphic representation of figure 
637. 


articular processes) extend as a broad 
fleshy band to be attached to the mastoid 
process deep to the Splenius Capitis and 
Sterno-mastoid. The Longissimus is the 
only column of the Sacro-spinalis to 
reach the skull. It conceals the costo- 
tcansverse joints. The lateral. branches 
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of the lower posterior nerve rami pass 
between it and the Ilio-costalis. 

The Spinalis (thoracis) is largely 
aponeurotic, flat, and half-an-inch wide. 
It extends from the upper lumbar to the 
lower cervical spines. Its lateral border 
is free. 

The Oblique Group of Muscles is 
covered by the Sacro-Spinalia. Its fibers 
pass obliquely upwards and medially 
from transverse processes to spines. It 
is disposed in 3 layers named: (1) Semi- 
spinaliSy (2) MvltiJiduSj and (3) RotcUores. 
The superficial layer naturally (a) spans 
more segments than the intermediate 
layer, (b) and therefore takes a more 
vertical course, and (c) arises nearer the 
tips of the transverse processes and is 
inserted nearer the tips of the spinous 
processes. The same characteristics dis- 
tinguish the intermediate layer from the 
deep layer. 

The superficial layer spans about 5 seg- 
ments; the intermediate about 3; the 
deepest connects adjacent segments.- 

The Semispinalis (thoracis, ccrvicis, 
capitis) forms the superficial layer. Its 
thoracic and cervical parts arise from 
the thoracic transverse processes (Th 
1-10) and pass obliquely upwards and 
medially across 5 segments to the cervical 
and upper thoracic spines ((3 2 Th. 4); 
that is to say, it extends to the axis- 
not to the atlas. ^ The Semispinalis Cap- 
itis (Complexus) passes from the upper 
thoracic transverse processes and lower 
cervical articular processes (C. 4-Th. 5) 
to the occipital bone between the superior 
and inferior nuchal lines. The fibers of 
this massive muscle run nearly perpendic- 
ularly. The medial border is free and is 
separated from its fellow by the liga- 
mentum z^hae. 

The Multi Jidus arises from the dorsal 
aspect of the sa^m between its spinoq^ 


and transverse crests, frbm adjacent 
ligaments, from the Aponeurosis of the 
overlying Sacro-spinalis, and from all 
transverse, processes -up to C. 4 (actually 
from mamillary processes in the lumbar 
region, transverse in the thoracic, and 
articular in the cervical). It spans about 
3 segments to be inserted into the lower 
border of every spinous process (C. 2~L. 
6), the tubercle of the atlas excepted. 

The Rotator es bridge one interspace. 
They are small slips that pass from the 
root of one transverse process to the root 
of the spinous process or lamina next 
above. They are best marked in the 
thoracic region. 

Other Deep Muscles. The Inter- 
spinales and Intertransversales are well 
developed in the cervical and lumbar re- 
gions, and mostly absent from the tho- 
racic region. The Levatores Costarum 
are confined to the thoracic region. The 
suboccipital muscles are the deepest 
layer of muscles above the a;ds. 

Interspinales are well developed median 
paired muscles. They unite the bifid 
tubercles of adjacent cervical spinous 
processes, and adjacent upper and lower 
borders of the oblong lumbar spinous 
processes. Intertransversales unite adja- 
cent anterior and adjacent posterior 
tubercles of the cervical transverse proc- 
esses; the highest Posterior Intertrans- 
verse muscle being the Rectus Capitis 
Lateralis (p. 69S), In the lumbar region 
they are well marked. The Levatores 
Costarum are backward extensions of the 
External Intercostales, and therefore are 
supplied by anterior nerve rami. Each 
Levator Costae is triangular and passes 
from the tip of a transverse process 
(C. 7-Th. 11) to the upper border"" of the 
rib next below, lateral to its* tubercle. 
There are 12 pairs in all. The suboccipi- 
tal muscles are described below. 
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The Suboccipital Region 

Certain spinal n^uscles — (Scmispinalis 
Cervicis, Multifidus, Rotatores, and In- 
terspinales) — ascend as,far as the spine 
of the axis ; others — (Semispinalis Capitis, 
Splenius Capitis, and Longissimus 
Capitis) — extending higher, span the atlas 
to reach the skull, but none stops at the 
spine of the atlas — it has no spine. 
Hence, the suboccipital region. 

Now, between the axis and the skull 
are the atlanto-axial and the atlanto- 


occipital joints. At the lower joints we 
shake our heads to indicate the negative 
and disapproval; at the higher we nod 
indicating the affirmative and approval. 
The peculiarities of the bones, joints, 
muscles, nerves, and vessels warrant at- 
tention under tlie title suboccipital region. 

Appreciate that the suboccipital region 
lies deep to the apical part of the posterior 
triangle of the neck {Jig. 630) and extends 
on both sides of it. The Semispinalis 
Capitis forms the immediate covering or 
lid; and lower is the Splenius. The oc- 
cipital artery appears from under cover of 
the Splenius, flits across the apex of the 
triangle, disappears deep to the Trapezius, 
and then pierces it in company of the 
greater occipital nerve, \Y infero-lateral 
to the inion. 

Limits of the Region. Above, the 
inferior nuchal line of the occipital bone ; 
below, the axis ; laterally, the mastoid 
process, the transverse process of the 
atlas, and the transverse process of the 
axis; medially, the massive spine of* the 
axis and, above and on a deeper plane, 
the posterior tubercle of the atlas. 


Contents of the Region. 


Four muscles 
Two Dervos 
* Two arteries 


2 Oblique 
2 Straight 
Greater occipital 
Suboccipital 
Vertebral 
Occipital 


eo7 

Muscles (Jig. 6S9). The Ohliquus 
Capitis Inferior is thick, fleshy, and 
rounded. It passes from the spine of the 
axis obliquely upwards and laterally to 
the tip of the transverse process of the 
atlas. It bounds the region inferiorly. 
The 3 other muscles are flat and tri- 
angular. Of these, the Obliquus Capitis 
Superior passes from the tip of the trans- 
verse process of the atlas obliquely up- 
wards and medially to be inserted be- 
tween the two nuchal lines of the oc- 
cipital bone lateral to the Semispinalis 
Capitis. It bounds thd region laterally. 
The Rectus Capitis Posterior Minor 
arises from the posterior tubercle of the 
atlas; the Rectos Capitis Posterior Major 
from the spine of the axis. These two 
are attached side by side to the occipital 
bone between the inferior nuchal line 
and the foramen magnum. 

The Minors, curiously are the only two 
muscles attached to the posterior tubercle 
of the atlas. Five muscles (all paired),, 
however, radiate from the end of the 
spine of the axis, namely, Rectus Capitis 
Posterior Major, Obliquus Capitis In- 
ferior, Multifidus, Semispinalis Cervicis, 
and Interspinalis. 

Nerves and Arteries. Dissection 
is made difficult by the denseness of the 
areolar tissue. Begin by tracing a com- 
municating branch from the greater 
occipital nerve across the Inferior Ob- 
lique to the posterior raStnus of the sub- 
occipital nerve (C. 1); alternatively, 
clean the Rectus Capitis Posterior Major, 
find its nerve and trace it to the posterior 
ramus of C. 1. This ramus supplies the 
4 muscles of the region and sends a twig 
to the muscle covering the region. Hav- 
ing found these, follow the stem of the 
nerve through the triangle bounded by 
the Rectus Capitis Posterior Major and 
the two oblique muscles — called the sub- 
oecipital triangle — to ^ upper border 
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of the posterior arch of the atlas. This 
requires the point of the knife. The thin 
posterior atlanto-occipiial membrane^ the 
homologiie of a li{?amentum flavum, is 
seen uniting the posterior arch of the 
atlas to the margin of the foramen 
magnum. Find the veriehral artery wind- 
ing behind the superior articular process 


Oblique and there gives off its descending 
branch. 

Actions op Deep Muscles and Com- 
ments. The deep dorsal muscles acting 
together extend the vertebral joints, in- 
cluding the lumbo-sacral joint below and 
the atlanto-occipital joints above; that 
is, they extend the pelvis, vertebral col- 
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of the atlas; detacli lli(‘ Tiicmbranc fioni 
tlie arch and follow the v(‘rt(d)ral artery 
in its groove on the arch t(j uhere the 
posterior ramus of C. 1 emerges between 
it and the arch. Muscular twigs of the 
artery pass through tlie triangle; and 
commonly a large vein from the vertebral 
plexus pierces the membrane and passes 
through th^rianglc to the syhoccipital 
plexus of veins. The occipital artery flits 
across the insertion of the Superior 


umn, and head. They also prevent, or 
regulate, flexion of these parts, as is the 
case with the Triceps on the elbow joint. 
Much, however, of the apparent extensor 
and flexor movement of the vertebral 
column takes place actually at the hip 
joints. When the deep muscles of one 
side act, lateral bending and rotation 
occur, the oblique muscles being the chief 
rotators (see abdominal muscles p. 20p). 

Explanatory. It has been seen that the 
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Scmispinalis CerviciKS and the Multifidus 
extend upwards as far as the spine of the 
axis, and that the Semispinalis Capitis ex- 
tends beyond this to tbp occipital bone — 
but they leave the “spine” of the atlas 
free. Hence, while you are extending 
your neck and head, you can rotate your 
atlas and the head rotates with it. For 
example, when a noise is heard, the eyes 
are directed towards the source of the 
noise, and the head and neck rotate in 
concert. 

Only one muscle, the Rectus Capitis 
Posterior Minor (paired), is attached to 
the reduced spine of the atlas, called the 
posUrwr iulxrcU , llie antag(^nisti(‘ muscle 
IS the Hectiis (a pit is Vnteiior {Juj 702). 

The above facts explain why the spine 
of the axis is downturned and massive — 
the laminae from which the spine springs 
are necessarily massive too. They ex- 
plain why the “spine” of the atlas is up- 
turned and reduced to a tubercle — the^ 
posterior arch (laminae) from which ftie 
tubercle springs is slender, its function 
being to prevent spreading of the lateral 
masses of the atlas. If the atlas had a 
long spine, extension of the head would 
be greatly restricted. On the other hand, 
the atlas has very long transverse 
processes and, since these are leveis, 
rotation is facilitated. 

The Posterior Rami of the Spinal Nerves 

General Considerations. It would 
hardly be expected that the posterior 
rami of the 31 pairs of spinal nerves 
would be identical in size, course, rela- 
tions, and distribution. Yet with the 
exception of the first two and last two, 
which require special consideration, they 
are so similar it is sufficient to give a 
general description and to note the ex- 
ceptions to it. 

The posterior rami supply a serially 
segmental territory. They do not extend 


m 

to the muscles of the limbs, nor are they 
involved in plexuses. They supply the 
skin and “native” deep muscles of the 
back medial to the line of the angles of the 
ribs. So, they are much smaller than the 
corresponding anterior nerve rami (save 
C. 1 and 2) (y/i;. 190). The cutaneous 
branches commonly trespass beyond the 
angles of the ribs and a ^ew wander afar, 
thus; C. 2 (the greater occipital nerve) 
ascends to the vertex of the skull; Th. 2. 
extends to the acromion; L. 1, 2, and 3 
descend to the buttock. Like the ribs 
the nerves slope downwards and laterally 
and they supply a band of skin at a lower 
level than the intervertebral foramina, 
where they arfS^c. A gi\en band is over- 
lapped and supplied by the nerve above 
and the nerve below; so, section of one 
nerve does not cause anesthesia. Each 
posterior ramus divides into a medial and 
a lateral branch (save C. 1, S. 4, 5 and 
Co. 1). Both branches supply muscles 
(save L. 5 and Co. 1), and one or the 
other ends as a cutaneous nerve (save 
C. 1, C. 6,- 7, 8, and L. 4,- 5). The 
branch that becomes cutaneous is, nat- 
urally, much larger than the branch that is 
motor only. Above the midthoracic 
region the medial branches become cu- 
taneous; below it, the lateral branches. 
The former become cutaneous near the 
median plane, the latter several inches 
from it. 

Posterior Root Ganglia. Ganglion 
C. 1 lies on the posterior arch of the 
atlas; (^. 2 on the lamina of the axis; 
C. 3-L. 4 in the intervertebral foramina; 
L.*5-Co. I in the vertebral or the- sacral 
canal. 

A Ujpical posterior ramus takes origin 
just beyond a posterior root ganglion, 
which is situated in an intervertebral 
foramen, and passes backwards on the 
side of a sui)erior articular process and 
between two transverse processes. Here 
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the lateral relation in the cervical and 
lumbar regions is a Posterior Intertrans- 
verse muscle; in the thoracic region, a 
costo-trans verse ligament. The pos- 
terior sacral rami ennn-ge from the pos- 
terior sacral foramina. 

The trunks of nerves C. 1 arid 2 are 
peculiar mainly because the articular 
processes of the atlaiito-oecipital and 
atlanto-axial joints arc not the morpho- 
logical equivalcTits of succeeding articular 
processes {fig, n32)—i\\Gy occupy an 
anterior plane, their joint cavities are 
homologous with the joint cavities found 
on each side of a typical cervical inter- 
vertebral disc, and they are weight bear- 
ing. Hence, trunks C. ‘'l and 2 pass 
behind “articular processes”. The pos- 
terior ramus of C. 1 passes through the 
suboccipital triangle, supplies the 4 sub- 
occipital muscles, and has no cutaneous 
branch; the posterior ramus of C. 2 
winds round the lower border of the In- 
ferior Oblique and sends its large mpdian 
branch (greater occipital) through- the 
Semispinalis Capitis and trapezius to 
the vertex. Its lateral branch is mus- 
cular. 

Other Posterior Ranu, From C 5 
the medial branches run medially bel ween 
the Semispinalif^ Capitis and Semispinalis 
Cervicis and pierce the overlying muscles. 
From C. 6-Th. 6 the medial branches 
behave similarly after running one layer 
deeper; that is, between the Semispinalis 
Cervicis and Multifidus. The lateral 
branches of the foregoing rami lye motor 
and small. The medial branches of the 
subsequent rami are motor and small ;lhe 
lateral branches carry the cutaneous 
branches and are large. From Th. 7-12 
the lateral branches run laterally and 
deep to the l^ongissimus, pass between it 
and the Ilifi^Sostalis, and pierce the over- 
lying structures. L. 1, 2, and 3 pass 
through -the Sacrospinalis below the lev^l 


of cleavage into Longissimus and Ilio 
costalis, pass to its lateral border, pierce 
the posterior lamella of the lumbar fascia, 
cross the iliac cr^st, and descend to the 
level of the greater trochanter of the 
femur. L. 4 and 5 do not become cu- 
taneous. 

The Sacral and Coccygeal Nerves. 

The low^er end of the sacrum and the 
coccyx have, so to speak, been partly dis- 
solved away, leaving the nerve trunks of 
S. 5 and Co. 1 exposed at the lower end 
of the sacral canal. The trunk of S. 5 
passes through the foramen bounded 
posteriorly by the sacral and coccygeal 
cornua (the homologue of an interverte- 
bral foramen) and divides into an anterior 
and a posterior ramus (fig. 3SS). Trunk 
Co. 1 divides into an anterior and a pos- 
terior ramus on the bapk of the coccyx. 
The posterior rami of S. 4, 5 and Co. 1 
do not divide into medial and lateral 
branches, but unite to form a small de- 
scending cutaneous nerve that supplies 
the skin over fhe coccyx. This nerve is 
the homologue of the dorsal caudal nerve 
of the quadruped. 

The anterior rami of S. 1-4 enter the 
pelvis through the anterior sacral foram- 
ina (Jig. 326) \ those of S. 5 and Co. 1 
also require to enter the pelvis where they 
are joined by a branch from the anterior 
ramus of S. 4. The ano-coccygeal nerve 
so-formed supplies the skin at the tip 
of the coccyx and is the homologue of the 
ventral caudal nerve of the quadruped. 
To obtain entrance to the pelvis, S. 5 and 
Co, 1 pass forwards, one above, the other 
below the transverse process of the 
coccyx (i.e., spaces homologous with an- 
terior sacral foramina), pierce structures 
attached to^the side of the sacrum and 
coccyx (namely, sacro-tuberous and 
.sacro-spinous ligaments and* the Coc- 
cygeus). After receiving the contribu- 
tion from S. 4, the ano-coccygeal nerve 
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descends, pierces the same 3 structures in 
reverse order to become cutaneous. The 
dorsal and ventral caudal nerves supply 
no muscles but are sengory to the circu- 
lar area of skin on which one rests when 
seated {figs. 628). 

Arteries of the Back. 1. The Verte- 
bral Artery is a branch of the sub- 
clavian (Jig. 679). It can be exposed in 
the suboccipital triangle. On leaving the 
foramen transversarium of the atlas 
medial to the Rectus Capitis Lateralis 
(which is an enlarged posterior inter- 
transverse muscle), it winds backwards 
round the superior articular process of the 
atlas, passes in front of the lateral margin 
of the posterior atlanto-occipital mem- 
brane and in so-doing enters the vertebral 
canal. It occupies the long groove on 
the posterior arch of the atlas. The 
posterior ramus of nerve C. 1 passes 
between it and the arch. It sends twigs 
to accompany this nerve. 

2. Branches of the Vertebral, In- 
tercostal, Lumbar, and Lateral 
Sacral Arteries accompany the pos- 
terior rami of the cervical, thoracic, 
lumbar, and sacral nerves. 

3. The Occipital Artery is a branch 
of the external carotid (Jig. 670). To ex- 
pose it in its entirety the mastoid process 
and attached muscles (Stemo-mastoid, 
Splenius Capitis, Longissimus Capitis, and 
Digastric) require to be removed. It 
is then seen to follow the posterior belly 
of the Digastric across the internal caro- 
tid artery, XII, X, and XI nerves, and 
internal jugular vein, and then to cross 
the Rectus Capitis Lateralis, Obliquus 
Capitis Superior, and the apex of the 
posterior triangle of the neck, where it 
lies on the Semispinalis Capitis with the 
greater occipital nerve; then it pierces 
the Trapezius and ascends in the scalp 
to the vertex of the skull. In its course 
it occupies a groove on the mastoid bone. 


Branches of the Occipital Artery, Mus- 
cular branches, including the sterno-mas- 
toid branch in the anterior triangle of the 
neck; meningeal twigs which traverse the 
jugular, mastoid, and parietal foramina; 
a descending branch which splits near the 
lateral border of the Semispinalis Capitis 
into two, a superficial and a deep branch, 
which pass to the two -surfaces of the 
muscle. The superficial branch anas- 
tomoses with the transverse cervical 
artery; the deep branch anastomoses with 
the profunda cervicis artery. 

4. The Profunda Oervicis Artery 
is one of the two terminal branches of 
the costo-cervical trunk. It enters the 
back by passfiig between the neck of 
the 1st rib and the transverse process of 
the 7th cervical vertebra. It ascends 
deep to the Semispinalis Capitis and 
anastomoses with the descending branch 
of the occipital a. and with branches of the 
vertebral a. This becomes a collateral 
circulation when the carotid a. is ligated.* 

The Veins form large thin walled 
plexuses which tend to follow the arteries. 
In the neck they mainly descend around 
the vertebral and profunda cervicis ar- 
teries and end as correspondingly named 
veins. The profunda cervicis vein ends 
in the vertebral vein which in turn ends 
in the innominate vein. Sometimes a 
vein accompanies the occipital a. and 
ends in the internal jugular vein. 

The Veins of the Vertebral Column. 

(The^ Vertebral Venous System.) 

The vertebral canal contains a dense 
plexus of thin-walled, valveless veins 
which surroimd like a basket-work both 
the dura mater of the spinal cord and the 
posterior longitudinal ligament. Above, 
this plexus communicates through the , 
foramen magnum with the occipital and 
basilar sinuses of the cranium. Anterior 
ahd posterior longitudinal channels, 
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called the anterior and posterior longi- 
tudinal venous sinuses, can be discerned 
in this plexus (Jig. (j40). At cacli spinal 
segment llu' plexus v(3iris wliieli 

leave the spinal cord w ilh the spinal nerve 
roots and a vein, the basivertebral vein, 
from the body of the vertebra; and in 
turn it is drained by intervertebral veins 
which pass tli rough the intervertebral 
and anterior sacral foramina to the ver- 
tebral, intercostal, lumbar, and lateral 
sacral veins. Through the body of each 


Po6t. vertebral plexae 

Ant. and posterior 
lonc^itudinal sinuses 


^ Lumbar v. 



Asc. lumbar v. 

^ Intervertebral v 
"Ant. vertebral plexus 

Basivertebral veiru 
Fig. OU). The veinb oi tlie vertehral column 


vertebra coiiu* v^ins which foim a im^agro 
anterior vertebral plexus, and (hrough the 
ligamenta flava pass vcmus \\])icii form a 
well marked posterior vci'tebral plexus. 
In the cervical region, these jdexuses 
communicate freely witli the occipital 
and profunda cervicis veins which receive 
the mastoid and posterior condylar emis- 
sary veins from the sigmoid sinus;* in 
the thoracic, lumbar, and pelvic regions 
the azygos (or hemiazygos), the ascend- 
ing lumbar, and the lateral sacral veins 
respectively, .further link segment to 
segment. ^ 

The ascending lumbar vein is an anas- 
tomotic vein that ascends in front of 


the lumbar transverse processes linking 
one lumbar vein to another. Below, it 
communicates with ’ the iliolumbar and 
common iliac ve^,ns and above it com- 
municates with the azygos (or hemiazy- 
gos) vein. 

lliBTOKiCAL. Batson recently in- 
jected a thick radio-opaque solution, into 
the cciitjal end of tlie deep dorsal vein 
of the penis of an adult cadaver. Under 
the fluoroscope he watched the fluid 
enter and pass through the prostatic 
plexus of veins and flow onwards through 
the internal and common iliac veins of 
both sides to the inferior vena cava. 
Stereoscopic films showed that the lat- 
eral sacral veins were filled and that the 
fluid had entered the sacral and iliac 
bones. Tie noted the resemblance be- 
tween this venous pattern and that of an 
early spreading carcinoma of the prostate. 

Into another cadaver he injected a 
thinner solution in order to fill finer 
veins. Strangely, none of the solution 
entered the inferior vena cava, but it 
entered the sacrum and ilium and the 
\eins of the lower lumbar spine. 

Into subseciuent cadavera he injected 
larger quantities (200 cc.) of thin solu- 
tion and found that it progressed up the 
spine and entered the venous sinuses and 
veins of the cranial cavity — but it always 
by-passed the caval veins. 

Into the deep dorsal vein of an anaes- 
thetised monkey he injected radio-opaque 
colloidal thorium. This was observed 
to pass into the i. v. cava; but, when a 
towel was tied around the monkey’s 
abdomen in order to increase the intra- 
abdominal pressure and the injection 
repeated, some thorium passed for a short 
way into the i. v. cava but mtet passed 
into the vertebral system of veins and 
could be followed in radiograms past the 
zone of compression into the veins of the 
thoracic spine and out into the lower 
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intercostal veins. A second experiment 
gave identical results, thereby demon- 
strating that the injections in the ca- 
davera were not artifaq^. 

He injected a thin solution into a venule 
of an adult female breast and found that 
the fluid spread into the clavicles, head 
of the humerus, cervical vertebrae, inter- 
costal and azygos veins, and into the 
transverse and sagittal venous sinuses 
of the skull. Here again the pattern 
was comparable to the metastatic spread 
in carcinoma of the breast. 

These findings have led Batson to add 
to the recognized puhnonary, portal, 
and caval venous systems a fourth or 
vertebral venous system. This system 
may be considered a separate, although 
overlapping system of veins. It com- 
prises the veins jf the brain, skull, neck, 
viscera, vertebral column (and their 
valveless connections in the limb girdles), 
and the veins of the body wall. , 

C’linical SiGNincANCE. The fore- 
going experiments indicate (1) that 


compression of the thorax and abdomen 
with the larynx and other sphincters 
closed as occurs in straining, coughing, 
and lifting with the upper limbs, not only 
prevents blood from entering the thoraco- 
abdominal veins but squeezes it out of 
them into the vertebral system ; (2) that 
the increase in the intraspinal and intra- 
cranial pressure that occurs during cough- 
ing, sneezing, and straining is active not 
passive; (3) that tumours and abscesses 
having connection with this venous sys- 
tem may have mekstases anywhere 
along this system without involving the 
portal, pulmonary, or caval systems; and 
(4) that the oranial and spinal parte of 
the system, as well as being pathways, 
are blood depots or storage lakes of blood ; 
further, (5) they reveal the channels 
through which blood from the lower 
limbs and pelvis may in favourable 
circumstances return to the heart after the 
i. V. cava has been obstructed below the 

I 

renal veins. 
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THE CONTENTS OF THE CRANIUM 

The Skull Cap. 

To remove the sjcull cap, the scalp and epi- 
cranial aponeurosis should be incised coronally 
from a point an inch above one zygomatic 
arch to a corresponding point above the op- 
posite arch. The anterior half of the scalp 
should then bo pulled well down over the face 
and the posterior hUf well down over nuchal 
region; the temporal fascia and muscle should 
be scraped downwards. A piece of string 
passed around the skull, less than an inch 
above the superciliary arches and inion, and 
pulled tight, enables an encircling pencil mark 
to bo made on the bone as a guide to the 
saw-cut. 

Structure. The bones of the roof 
of the skull have an outer and an inner, 
table with a vascular, marrow space, 
called the dtploe, sandwiched in betwceon 
Injuries to the roof of the skull compress 
the inner 'table and tend to cause it to 
splinter like glass; hence, it has been called 
the vitreous layer. In the child the bone 
consists of a single layer. Into this layer 
veins grow, branch, rebranch, and unite 
with neighboring veins; and marrow is 
laid down around them. Thus is the dip- 
loe formed and with it the outer and 
inner tables. Diploe does not form in 
the bones covered with thick, fleshy 
muscles : (a) the squama temporalis and 
(b) the nuchal part of the occipital. 
In these parts the bone remains “in- 
fantile” — thin and translucent. Hollow 
buds of mucous membrane sprout from 
the nasal cavity and tympanic antrum 
, into the diploic layer of certain bonra apd, 
*i|>y replacing»it, form air sinuses. These 
tlu«e type^f bone are revealed to you 
on the sawn surface of the skull: (1) un- 
differentiated non-diploic bone in thb 


squama of the temporal bone, (2) air 
sinuses in the frontal bone, and (3) 
diploic bone elsewhere. Usually there 
are 4 diploic veins on each side and of 
these the mu.«t important clinically is the 
frontal rliploic vein {fig. 64t). It emerges 
through an obvious, though small, orifice 
in the biipra-orbital notch and joins the' 
siipra-orbital vein. The anterior tem- 
poral diploic vein passes through the great 
wing of the sphenoid to the spheno- 
parietal blood sinus; the posterior tem- 
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Fig. 641. The four diploic veins. 

poral diploic vein emerges through the 
postero-inferior angle of the parietal bone 
and joins the transverse sinus; and the 
occipital diploic vein emerges near the 
internal occipital protuberance and ends 
in the transverse sinus ; but all sometimes 
open into surface veins. There are no 
accompanying diploic arteries; the menin- 
geal and pericranial arteries provide the 
arterial blood. 

The Meninges. Three meninges or 
membranes envelop the brain. They are 
the dura mater, arachnoid mat^, and pia 
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mater. Their nam^ indicate their quali- 
ties : the ^uraTs tough, the arachnoid is 
like a spider's web, and the pia clings 
faitlifully to the brain surface like a skin, 
following all its irregularities. Between 
the dura mater and arachnoid mater 
there is a potential space, the subdural 
space. Between the arachnoid mater and 
pia mater there is an actual space, the 
subarachnoid space, filled with cerebro- 
spinal fluid. The arachnoid mater is at- 
♦tached to the pia mater by loose scattered 
threads. As the arachnoid does not dip 
into the sulci of the brain, but bfidges 
them, innumerable small and several large 
cisterns filled with cerebro-spinal fluid are 
seen in the carefully removed brain. The 
cerebral arteries travel in the subarach- 
noid space. 

, The Dcjra Mateu consists of two 
closely adherent fibrous layers — an 
outer And* an inner. The outer layer or 
endocranium is a periosteum. It «is 
continuous through the foramina of the 
skull with the external periosteum or 
pericranium. Its outer surface is rough 
and shaggy (from vessels and fibers 
withdrawn from the bone). In the 
parietal region particularly two struc- 
tures stand out from it in relief: (1) 
Bulging cauliflower-like masses, ' arach- 
noid granulations, covered with a film 
of dura, grow widely (nearly 1") from 
each side of the median sagittal plane. 
They are responsible for the marked pits 
on the parietal bone. (2) Branches of 
the meningeal vesseh run in the outer 
layer of the dura and make grooves on 
the bones, nota^Dly the parietal bone. 

The inner layer of the dura is lined with 
endothelial cells and is smooth like a 
serous membrane. It is reduplicated to 
form 4 inwardly projecting folds, which 
partially subdivide the cranial ca\dty 
into comjgptments, and being taut they 
prevent ^^fting of the cranial cargo, 


which is the brain. Two of the re- 
duplicated folds, the falx cerebri and 
falx cerebelli, are sickle-shaped occupants 
of the median sagittal plane. The other 
two, the tentorium cerebelli and the 
diaphragma sellae, fprm roofs for the 
cerebellum and hypophysis cerebri respec- 
tively. Between the laj^ers of the dura 
mater there are certain spaces and canals 
lined with endothelium, filled w^h blood, 
and continuous with veins. They are 
called venous sinuses, and are described 
below. » 

The Falx Cerebri is sickle-shaped. Its 
apex is attached to the crista galli. Its 
convex upper Jborder extends from the 
crista galli to the internal occipital 
protuberance. It finds attachment .to 
the internal frontal crest, and to the lips 
of the sagittally placed sulcus on the 
frontal, parietal, and occipital bones. 
Its lower border suspends the tentorium 
• cerebelli behind and projects free between 
the cerebral hemispheres in front. It 
doe^ not descend to the body of the 
corpus callosum; but in cadavera that 
have lain on their backs a notch made by 
the falx is often seen on the splenium of 
the corpus callasum. Its anterior part 
may be cribriform. The superior sagittal 
venous sinus occupies its* attached upper 
border; the inferior sagittal venous sinus 
occupies the free part of its lower border, 
and the straight venous sinus the at- 
tached part of its lower border. 

The Falx Cerebelli is a slight fold at- 
tached tt) the internal occipital crest and 
to jihe tentorium. Its anterior border is 
free and is often bifid beIow^ It projects 
between the hinder parts of the cerebellar 
hemispheres. The occipital sinus lies in 
its attached posterior border. 

The Tentorium Cerebelli, shaped like a 
bell-tent with open fhtps, forms a roof 
for the cerebellum and a floor for the 
.occipital lob^ and hinder parts of the 



616 


V METHOD OF \N\TOVl\ 


temporal lobes of the cerebrum. Its tentorium is held taut by the falx cerebri 

peripheral border is attached on each side (and falx cerebelli), the line of union 

to the posterior clinoid process (which it being occupied by the straight sinus, 

drags laterally, downwards, and back- Its attached border is occupied on each 

wards) and to the lips of the groove on side by the superior petrosal and trans- 

the superior borde^ of the petrous bone, verse sinuses 

postero-inferior angle of the parietal The Duiphnuima Scllae forms a 'Hen- 
bone, transverse groove on the occipital toriura’’ loi th(‘ hypophysis cerebri and 

bone, and to the internal occipital pro- it has a large central aperture for the stalk 

tuberano^. Its medial border is free and ol the hypophysis cerebri. Pia is re- 
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Fig. 642 The tentorium cerebelli and the nerves piercing the dura mater 

it bounds an oval opening (incisura flectedfroin thestalktothemaigin of the 
tentorii) and closely grips the^” sides of aperture, thereby closing it. But with 
the midbrain. It is fixed in front ten the advancing age the pia and the subarach- 
anterior clinoid process, which it drags noid space may descend to form a circular 
backwards into a cone. To reach the moat around the gland (cf., the cir- 
anterior clinoid process, the medial free cumvallate papillae of the tongue), 
border crosses above the anterior end of (Sunderland.) 

the periphe|^l border, and with it forms The Cerebro-spinal Fluid (C. S. F.) 
a triangular field at the side of the dia- is secreted by the chorioid plexuses of 
phragmq, sellae (figs. 642, 6 /^ 4 ), In t^e the lateral, third, and fourth ventricles 
triangle .run nerves III and IV. The of the brain. It escapes through three 
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orifices in the fourth ventricle into the 
subarachnoid cisterna magna. The fluid 
diffuses over and around the brain and 
spinal cord (medulla) •and, though the 
spinal cord ends at the 2iid lumbar 
vertebra, the sub-arachnoid space with 
its contained fluid extends to the 2nd 
sacral vertebra {fig. 42 , p. 44)- The 
C. S. F. seeps into the tissues of the 
brain and cord perivascularly. It re- 
turns to the blood stream via the 
arachnoid granulations. 


Superior sa-qittocl slixus 



Fig. 043. The arachnoi(J granulations re- 
turn the eerebrospinal fluid. 


Arachnoid granulations are aggregations 
of large non-vascular villous processes of 
arachnoid tissue. They occur along the 
venous sinuses, and bulge into them 
through the inner layer of dura {fig. 64^)^ 
Small and villous in youth; large and 
cauliflower-like in the aged ; they are most 
conveniently seen when the superior 
sagittal sinus is opened. 

The Venous Sinuses of the Dura Mater 
may be classified thus; 

1. The unpaired median sagittal sin- 
uses and their continuations; (a) the 
superior sagittal and right lateral; (b) the 


inferior sagittal, straight, and left lateral; 
and (c) the occipital. 

2. Those associated with the paired 
cavernous sinuses: cavernous, spheno- 
parietal, superior petrosal, inferior 
petrosal; intcrcavem^gus and basilar. 

The blood sinuses have no valves. 
They lie between the outer and inner 
layers of the dura, except the inferior 
sagittal and straight sinuses which lie 
within a reduplication of the inner layer. 
The superior sagittal, lateral, petrosal, 
and occipital sinuses gaoovc the bones on 
which they lie. Their tributaries mostly 
come from the neighboring parts of the 
brain; the middle raeningerd veins partly 
end in the superior sagittal sinus; three 
of the four^diploic veins of each side com- 
monly end in the sinuses. All sinuses 
drain ultimately into the internal jugular 
veins. Accessory veins, called emissary 
veins, connect tlie sinuses with the extra- 
cranial veins. 

Tke superior sagittal sinus (unpaired) 
begins at the.foramen cecum between the 
frontal and ethmoidal bones. It occu- 
pies the entire length of the attached 
margin of the falx ceiebri, and at the 
internal occipital protuberance it becomes 
the right lateral sinus. Six or- so cerebral 
veins enter it, against the blood stream, 
and large meningeal veins join it. It 
increases in size from before backwards; 
it is triangular in section; fibrous strands 
cross its lumen. Arachnoid granulations 
bulge into its lateral expansions, called 
lacunae iaterales. 

'^he inferior sagittal sinus (unpaired) is 
very small. It occupies the free edge of 
the falx cerebri. (It receives adjacent 
cerebral veins.) On being joined by the 
great cerebral vein of Galen, which turns 
upwards behind the ’splenium of the 
corpus callosum to join it, it becomes the 
straight sinus. 

. * The straight siniis (unpaired) lies in the 
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line of union between the tentorium cere- 
belli and the falx cerebri, and therefore 
though straight it is not horizontal. At 
the internal occipital protuberance it be- 
comes the left lateral sinus. (It receives 
some \'cins from the adjacent parts of the 
cerebellum and occipital lobes.) 

The lateral simiaes (paired) arc the con- 
tinuations of the superior sagittal sinus, 
which usually turns to the right, and of 
the straight sinus, which usually turns 
to the left. Each lateral sinus has 2 
parts — a transverse and a sigmoid. 

The transverse sinus occi pies the at- 
tached margin of the tentorium cerebelli 
and grooves the occipital bone and pos- 
tero-inferior angle of the parietal bone. 
It is triangular on section. Leaving the 
tentcrium it becomes the sigmoid sinus 
which tak& a sigmoid coume downwards 
in the angle between the mastoid and 
petrous bones, and returning to the 
occipital bone passes forwards and then 
downwards over the jugular process- and 
through the jugular foramqii to beebrae 
the internal jugular vein. It is semilunar 
on section. The transverse sinus is joined 
by the superior petro.sal sinus, the in- 
ferior anastomotic vein from tlie cerebral 
hemisphere, two diploic veias, and ad- 
jacent cerebral amd cerebellar \’oins. 

The conjliiens sinuim i.s the dilatation 
commonly found at the beginning of the 
right transverse ^inus. It may cause a 
depression (toreular Herophili) on the 
occipital bone be.side the internal occipital 
protuberance. Here the right ftnd left 
transverse sinuses communicate, usui^ly 
widely; and here the occipital sinus 
begins. 

The occipital sinus is extremely variable 
in size. It de.scends in the attached 
margin of^he falx cerebelli, bifurcates, 
and after partly encircling the foramen 
magnum ends in the sigmoid sinuses. (It 

• _ _ • i_ _ 1 1 _ „ _ _ • 1 . _ _ 


cates with the vertebral venous plexus 

{Jlg^ 640)-) 

The cavernous sinus (paired) is a 
trabcculatod and > expanded sinus lying 
at the side of the hypophyseal fossa and 
of the hollow body of the sphenoid and 
extending laterally to the trigeminal 
ganglion and to the maxillary nerve. 
The internal carotid artery and cranial 
nerves HI, IV, and VI, and sympa- 
thetic fibcm are within its walls. It 
receives the superior and jnferior oph- 
thalmic veins (they have no valves), the 
superficial middle cerebral vein, and the 
sphenoparietal sinus. It is drained by 
the superior and inferior petrosal sinuses. 

The sphenoparietal sinus, (paired) l^dng 
underneath the lesser wing of the 
sphenoid, connects the anterior branch 
of the middle meningeal vein and the 
anterior temporal diploic vein to the 
cavernous sinus. 

^The superior petrosal sinus (paired) 
occupies the groove on the superior border 
of the petrous bone in the attached 
margin of the tentorium. It drains the 
cavernous sinus into the transverse sinus. 
At its origin it bridges, like an aqueduct, 
the root of the trigeminal nerve, though 
it may pass below it. 

The inferior pUrosal sinus (paired) is 
much larger than the superior. It oc- 
cupies the groove dorsal to the suture 
between the ba.si-occipital and petrous 
bones, passes through the anterior com- 
partment of the jugular foramen, and 
ends in the internal jugular vein below 
the skull. It drains the cavernous sinus. 
The abducent nerve perforates it. It re- 
ceives the internal auditory vein and local 
veins. 

The intercavernous sinus connects the 
cavernous sinuses of opposite sides around 
and below the hypoph3rsis cerebri. 

The basilar sinus is a wide trabecu- 
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basi-occipital. It unites the cavernous 
and the inferior petrosal sinuses of oppo- 
site sides and communicates below with 
the vertebral venous pWexus (fig. 640). 

Emissary Veins. All the dural sinuses 
ultimately deliver their blood to the 
lateral sinuses and so to the internal 
jugular veins, with the exception of the 
inferior petrosal sinuses which join the 
internal jugular veins directly. Certain 
veins, called emissary veins, pass through 
the foramin?^ of the skull and connect 
the sinuses inside with the veins outside. 

Emissary veins pass from the under- 
mentioned sinuses to the exterior: 
Superior sagittal simis: (1) via the un- 
paired foramen cecum, wl)ich lies be- 
tween the ethmoidal and frontal bones, 
to the veins of the nose. Present in the 
child, it S( Idom^ persists in the adult. 
(2) via the paiictal foramina (paired) to 
the veins of the scalp. Sigmoid sin- 
uses: (3) via the mastoid foramen to tjie i 
posterior auricular vein. This, the mas- 
toid emissary vein, is the largest of these 
veins and is fairly constant. (4) via the 
condylar foramen which opens behind 
the occipital condyle to the suboccipitab 
veins. This is often large but is incon- 
stant. Cavernous sinuses: (5) as there 
are no valve.s in the ophthalmic veins 
the blood by reverse flow can pass from 
the cavernous sinuses to the supra-orbital, 
facial, and other veins. (6) via the 
foramen ovale and foramen Vesalii (when 
present) to the pterygoid plexus. (7) 
via the earotid canal (and foramen 
lacerum?) to the pharyngeal plexus. The 
occipital and basilar sinuses: (8) com- 
municate with the veins of the vertebral 
venous plexus. 

Removal of the Brain. 

Incise the dura along each side of the su- 
perior sagittal sinus, keeping an inch from the 
median plane so as to avoid the lacunae later- 
ales and arachnoid granulations. Incise the 


two side portions of the dura coronally from 
the vertex towards the ear, and turn down the 
four flaps tiius formed. Sever the falx and 
the contained sagittal sinuses just above the 
crista galli. Withdraw the falx cerebri from 
between the cerebral hemispheres, and as you 
do so note and cut the 5 or 0 large cerebral 
veins which open inlo the superior sagittal 
sinus against the blood stream. 

It is fortunate that the brain, floating 
in cerebrospinal fluid and encased in its 
three membranes, has the monopoly of 
the cranial cavity. Kot even fat is per- 
mitted within; the bra^p has no rival for 
space. This total absence of fat within 
the cranial cavity makes simple tlie work 
of the dissector. Proceed to identify and 
examine the nerves and vessels as in- 
structed below, and for purposes of sub- 
sequent study, cut them long on one 
side and short on the other, Tising scis- 
sors — a knife would tear the nerves which 
are delicate b(?cause they have not yet 
acquired an opineural sheath from the 
dura mater. 

Let the head fall back, and gently raise 
the frontal lobes of the brain.’ On the 
floor of the anterior cranial fossa, about 
half a centimetre from the median plane, 
observe a long (3 cm.), fragile stalk with 
a slightly enlarged anterior end, the ol- 
factory tract and bulb (Jig. 644)- The 
bulb is fixed to the floor by delicate ol- 
factory nerves which descend from it and, 
in tubes of arachnoid ipater, pierce the 
cribriform plate to supply a small area on 
the roof and walls of the nasal cavity. 
Cut oiiGi olfactory tract far back and so 
leave the olfactory bulb resting on the 
cribriform plate ; on the other side’ raise 
the olfactory tract and bulb with the 
frontal lobe. Observe the optic chiasma 
lying well behind the optic (chiasmatic) 
groove, and the optic nerve passing on each 
side to the optic foramen. Cut one nerve 
long, the other short. The internal 
edrotid artery ascends in the angle 'between 
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the optic tract and optic nerve. Cut it 
Cut the stalk of the hypophysis cerebri 
(pituitary gland) behind the optic 
chiasma and abo\ o the diaphragma sellae. 

lOase the temporal pole from under 
co\cr of the lesser wing of the sphenoid 
hir)t on one side then on the other, turning 
the head from side to side, taking ad- 
van (iige ot giavity, and all the time sup- 
poi ting the brain with tlie palm. With a 
knife out thiougli 1h(* iipp a pnit of tli(‘ 


will be cut in the median plane behind. 
The oculo-motor nerve (N. Ill) is large. 
It enters a cul-de-sac in the triangular 
field bet w ecu the attachments of the ten- 
torium to the anterior and posterior 
clinoid processes. Trace it backwards 
and mediallv, past the posterior clinoid 
process and betwc'cn the posterior cerebral 
aiteiy above and superior cerebellar ar- 
tery below, to the front of the midbrain 
|usl above tlie pons. Cut it. The 
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midbrain and let (he foiebiain hdl «iwa\ 
in your hand. For &uce(‘ss in this last 
procedure the bell-tent shape of the ten- 
torium cerebelli must be borne in mind, 
the blade kept above the clinoid processes 
and free margin of the tentorium, and 
the cut in the midbrain made to rise 

posteriorly^, 

On eaei™de the posterior cerebral artery 
will be cut through where it winds around 
the midBrain, and the great cerebral vein^ 


Irochhar nave (N. IV), the most delicate 
of the cranial nerves, pierces the dura 
in the same triangle as nerve III, but 
farther back, and it passes between the 
same two arteries Follow it backwards 
around the midbrain under shelter of the 
free edge of the tentorium, which requires 
to be raised to bi ing it into view. Cut it. 
Sever the attached margin of the ten- 
torium cerebidli on both sides, but leave it 
attached behind at the internal occipital 
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R)tuberance. On raising the flaps thus 
formed, the cerebellum is exposed. 

Identify the trigeminal nerve (N. V.), 
the largest of the cranial nerves, where it 
arches over the most medial part of the 
upper border of the petrous bone below 
the attached margin of the tentorium. 
Follow it as it curves backwards and 
slightly downwards 1 o tlie side of the pons, 
(vut it. With the handle of the knife 
hold the midbrain and pons back from the 
basi-occipital and looking dov\n identify 
the abducent nerve (N. VI). It arises at 
the lower border of the pons (between the 
pyramid and olive) in line with N. Ill, 
ascends clamped to the pons by the an- 
terior inferior (‘en‘bellar artery, and 
pierces the dura over tlu' infeiior petrosal 
sinus. Cut it. 

The facial VH) and auditory (N. 
VIII) nerves with the riervus intermedins 
between them ari.sc at the lower border of 
the pons, abreast of X. VI and almost jn 
line with N. Tlu'y pass latcTally and 
slightly upwards into the internal audi- 
tory canal. The internal auditory artery, 
a branch of the anterior inferior cerebellar, 
accompanies them, and the internal audi- 
tory vein ends in the i. petrosal sinus. 
Cut them. 

The glosso-pharyngeal (X. IX), vagus 
(N. X), and accessory (N. XI) nerves 
arise from the medulla and spinal cord 
behind the olive, just below and in line 
with the nn. VII and VIII. They pass 
laterally across the tuberculum jugulare, 
pierce the dura mater half-an-inch below 
the internal auditory meatus, and enter 
the jugular foramen between the inferior 
petrosal and sigmoid sinuses. Nerve 
IX runs horizontally and pierces the 
dura independently in front of nn. X and 
XL The root fila of nn. »nd XI 
ascend with increasing degrees of ob- 
liquity and pierce together*j|,v Nerve XI 
grooves the tuberculum jugtilare. 


The hypoglossal nerve (N. XII) arises 
from the medulla between the pyramid 
and olive in line with the origin of nervdS 
III and VI above and with the anterior 
root of the first cervical nerve below. Its 
root fila, like those of the anterior or. 
motor root of a spinal nerve, converge 
laterally, and they pierce the dura 
through two apc'rtures, and enter the an- 
terior condylar (hypoglossal) canal. 
(\it them. 

With a long scalpel inserted through 
the foramen magnum cut across the 
spinal cord (medulla) with one sweep. 
With it the vertebral artery and the 
spinal root o^ the accessory nerve on 
each .side will be severed Remove the 
midbrain and the hindbrain (i.e., pons, 
medulla, and cerebellum). Observe the 
groove on the cercbelliiin caused by the 
margin of the foramen magnum. This 
no doubt is not present during life when 
the brain floats in cerebro-si)inaI fluid.^ 

The Great Arteries and Their Relations 
to the Cranial Nerves. The brain is 
supplied by two paired arteries only, the 
internal carotid and the vertebral. These 
and their branches are the only arteries 
found within (i.e., internal to) the dura 
mater of the .cranium. The meningeal 
arteries, it is true, lie within the cranium, 
but being periosteal arteries, they run in 
the outer or periosteal layer of the dura, 
and supply only it and the adjacent bone. 

The Internal Carotid Artery 
pierces the dura medial to the anterior 
clinoid process, which it grooves. It at 
once gives off the ophthalmic a, which 
runs below the optic nerve through the 
optic foramen, and the po'^terior com- 
municating a. which runs backwards, 
media! to N. III. It then ascends in 
the angle between the optic ner^^e and 
tract, and ends as the anterior and 
middle cerebral aa.: of these, the anterior 
cel^bral a. runs medially above the optic 
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nerve; the middle cerebral a. runs later- 
ally in the stem of the lateral cerebral 
fissure (of Sylvius). 

The vertebral artery pierces the 
dura behind the occipital condyle and 
grooves the margin of the foramen mag- 
num. Here It lies abreast of the interval 
between the last cranial and the first 
cer\ical nerve, it passes forw^ards and 
upwards reund the medulla, between thcs(' 
two nerves, and in front of the former 
(hypoglossal ner\e) to the lower border 
of the pons where it unites with its fellow 
to form the basilar a. The posterior in- 
ferior cerebellar a. is the largest branch 
of the vertebral a. It arises at a variable 
level and bears a variable relationship 
to IX, X, XI nerves. To reach the 
cerebellum it usually descends in front 
of these nerves and crosses below them, 
but it may pass between X and XI, 
it may form a large loop over the nerves, 
and it may cross immediately above I X. 

The basilar arlerxy ascends medvaniy 
from the lower borvhu' of the pons (o'the 
upper border where it ends in a T- 
shaped bifurcation, the right and left 
posterior cerebral aa. In front ol it are 
the basi-occipital, ba.Msphenoi(l and d(*i 
sum sellae. Three largo paiu'd branches 
proceed horizontally from n namely: 
(J) the anterior inftriur cc^thellar a., 
which arises near the lower border of the 
pons, clamps N, VI to the pons, run.s 
tortuously above, below, or between 
nerves VII and VIII, and sends the 
internal amhtory a, to the inkier ear; 
(2) the svperior cerebellar a., and (3) the 
posterior cerebral a. which have nn. Ill 
and IV running between them. 

“In some positions of these arteries 
they lie in the way of the surgeon pro- 
ceeding t^reach the roots of the fifth, 
eighth or ninth nerves and add danger 
and difficulty to the operation The 
arteries inay also cause pressure upon tfic 


nerves and interfere with their funi 
tions^^ (Watt). 

Meningeal Vessels and Nerves. 

Meningeal arteries are periosteal ar- 
teries. Hcbcc, they lie in the outer layer 
of the dura mater, anastomose with each 
other, and supply — the dura mater, the 
inner table of the skull, and the diploe. 
The middle meningeal a., assisted by a 
branch of the anterior ethmoidal a. in the 
anterior cranial fossa, caters for the ter- 
ritory al)ove the level of the tentorium 
cerebelli. Twigs from other arteries 
make small contributions, thus: from the 
posterior ethmoidal a. in the anterior 
fossa; from the accessory meningeal and 
internal carotid aa. in (he middle fossa; 
from the occipital a. (via the jugular and 
mastoid foramina), the ascending pharyn- 
geal a. (via the jugular foramen and 
anterior condylar canal), and the verte- 
bral a. in the posterior fossa. A twig 
jfrgm the occipital a. passes through the 
parietal foramen. 3'he middle meningeal 
and lacrimal aa. anastomose (Jig. 601). 

MnxrvGLAL V eins accompany the ar- 
tcKes and communicate \vitli the venous 
sinuses and with the diploe. 

]Memngeal Xervios. Numerous 
ncr\e fibres accompany the vessels in the 
pia and arachnoid ; it is claimed that these 
arise fiom most of the cranial nerves, 
but whether they arc efferent or afferent 
is not kno^\n. The fibres reaching the 
dura have a more ro.strictod origin; they 
have boon identified as arising from the 
trigeminal (V), facial (VII), vagus (X), 
and hypoglossal ( XII) nerves. The dura 
of (he anterior and middle cranial fossae 
and the tentorium ccrebclll are supplied 
thus: V* supplies the tentorium and its 
ethmoidal branch (probably) supplies 
the anterior fossa; twigs of V^ are dis- 
tributed with the branches of the middle 
meningeal artery; V® sends a recurrent 
twig through the foramen spinosum to 
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the middle fossa; and there is evidence 
that twigs of the superficial petrosal 
nerves, having cell bodies in the facial 
(geniculate) ganglion^ also supply the 
middle fossa. The dura of the posterior 
cranial fossa receives a recurrent branch 
from X through the jugular foramen, and 
from XII (probably derived from C. 1 
or 2) through the anterior condylar canal. 


crests, a median and two lateral, which 
are separated from each other by two 
prominent backwardly projecting tuber- 
cles, the anterior clinoid processes. The 
median concave crest connects the an- 
terior clinoid processes of opposite sides 
above the optic foramina and across the 
body of the sphenoid. Each lateral con- 
cave crest curves from the anterior 
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Fio. 646 The interior of the base of the skull. Note features 1, 2, 3, 4 on the coronal plane 
of the tubercle for the check ligament {see p, 625), 


THE INTERIOR OF THE BASE OF 
THE SKULL 

The Boundaries of the Fossae {fig, 
645), The interior of the base of the 
skull has three terraces called fo.ssae— an 
anterior^ a middle^ and a posterior. The 
anterior cranial fossa is on a higher plane 
than the middle fossa, and the middle 
fossa than the posterior. The anterior 
cranial fossa is sharply marked ofif from 
•the middle fossa by three free concave 


clinoid proce=JS laterally tow\‘irds the sharp 
antero-ipferior angle of the parietal 
bone (pterion), but fails to reach it. It 
is •formed by the lesser wing of the 
sphenoid, and it overhangs the front of 
the middle fossa Medianly, the middle 
cranial fossa is marked ofif from the 
posterior cranial fossa by a rectangular 
plate, the dormm sellae, at whose upper 
angles are tubercles, the posterior clinoid 
• pfocesses. On each side, it is mArked ofif 
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by the superior border of the petrous bone. 
This border extends from the body of the 
sphenoid, slightly below the side of the 
dorsum scllae, horizontally latoniliy and 
backwards towards the blunt pi-stero- 
inferior angle of the parietal bone — ac- 
tually to a j)oint about a finger’s breadth 
behind file external auditory meatus and 
some distance in front of the blunt angle. 
The mcdidi! f inch of the superior border 
of the petrous bone is crossed by the roots 
of nerve V and, so, is rounded; else- 
where it has a j^hallow groove for the 
superior petrosal sinus, bounded by two 
lines which give attachment to the 
tcntoriuni ccrebelli. ^ 

Note on the Lesser Wing of the 
Sphenoid. Each lesser wing is triangu- 
lar Its attenuated apex reaches nearly 
to the pterion Its base is attached 
to the body of the sphenoid by two flat 
roots, an anterior and a posterior, which 
embrace the optic nerve and ophthalmic 
artery, thereby forming the oplu fora- 
men. During the fir^t year the anterior 
roots meet and fuse above the anterior 
part of the body, thereby forming a 
yoke, the juqum sphenoidale {fig. 0^6). 
The posterior edge of the jugum is the 
anterior edge of the optic (chiasmatic) 
groove. 

The posterior root may fail to develop; 
the optic foramen then remains part of 
the superior orbital fis'^ure. The anterior 
clinoid process is drawn by the tentorium 
postero-medially. Below it and also 
medial to it lies the internal cavotid ar- 
tery, which grooves it. The posterior edge 
of the leaser wing is concave, free, and fits 
into the stem of the lateral cerebral fissure 
of the brain. The anterior edge articu- 
lates with the orbital plate of the frontal 
bone. 4 

The Anffrior Cranial Fossa. The up- 
ward continuation of the nasal septum, 
called fancifully the crista gcdli or code's 


comb, rises from the anterior half of the 
anterior fossa in the median plane. It is 
part of the ethmoid bone (ethmos, Gk. 
= a sieve). The crista e.xtends back- 
wards to the sphenoid and forwards to 
an interosseous canal placed between the 
ethmoid and frontal bones. In early 
life, the superior sagittal sinus communi- 
cates with the veins of the nose through 
this canal ; in adult life, the canal is usually 
closed; hence, it is called the foramen 
cecum. Ascending in front of the fora- 
men cecum is a ridge on the frontal 
bone, the frontal crest. The crista galli 
and the frontal erest give attachment to 
the falx cerebri. For 3 mm. on each side 
of the eri‘^ta galli the floor of the anterior 



P'10. 6 U>. The sphenoid bone at birth is in 
three parts. Note the lesser winifs spreading 
above the body to form a yoke (jugum). 


fossa forms the roof of the nasal cavities, 
and it is perforated like a sieve by numer- 
ous olfactory nerves clothed in arachnoid 
sheaths that stream through it; hence, it 
is called the cribriform plate of the eth- 
moid (eribrum, L. = a sieve). The 
medial ends of two short canals, the 
anterior and posterior ethmoidal foramina, 
which lead from the orbital cavity, open 
at the side of the cribriform plate. They 
are not readily located unless traced 
from the orbital cavity. They transmit 
from the orbital cavity the anterior and 
posterior ethmoidal arteries and the 
anterior ethmoidal nerve. These arteries 
give off meningeal branches. The an- 
terior ethmoidal a. and n. descend into 
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the nose through a slit, the nasal slit, at 
the side of the front of the crista "galli. 
Laterally the fossa forms the roof of the 
orbital cavity; so, it is rounded and it 
rises high above the depressed roof of the 
nose. The orbital plate of the frontal 
bone forms the floor of the fossa lateral 
to the cribriform plate and it forms a 
roof for the frc#ital and ethmoidal air 
cells as well as for the orbit. Ridges cor- 
responding to the cerebral sulci are 
conspicuous in the anterior and middle 
fossae. 

The Middle Cranial Fossa has a small 
median part that lodges the hypophysis 
cerebri (pituitary gland) and two lateral 
expanded concave parts that lodge the 
temporal lobes of the brain. It is de- 
scribed in detail with the soft parts on 
page 625 ^ 

The Posterior Cranial Fossa lodges the 
hind brain, which comprises the cerc- 
l)ellum, medulla, and pons. In life it^is^ 
roofed in by the tentorium corcbelli ; so, 
on each side it is limited above by (a) 
the posterior clinoid process; (b) the 
superior border of the petrous bone, and 
(c) the lips of the broad shallow groove 
for the trans\er.se sinus, which continue 
horizontaJJy backwards to the internal 
occipital protuberance. Ibe internal oc- 
cipital protuberance li^^^lighUy above 
or below the level of the external occipital 
protuberance (or inion). 

The foramen magnum is the largest 
bony foramen in the skull ; so, it might be 
named the foramen maximum. It is un- 
paired and oval. It lies at the lowest 
part of the posterior fossa. It is nar- 
rower in its anterior half, where the 
condyles encroach on it, than behind. 
On the medial edge of each condyle there 
is a tubercle for the alar (check) liga- 
ment. Stepping upwards and laterally 
from this tubercle, practically in a coronal 
plane, are the essential features of the 


fossa: (1) the orifice of the anterior 
condylar (hypoglossal) canal. The canal 
l)asses laterally and forwards through the 
base of the condyle and transmits the 
hypoglossal (XII) nerve; (2) supero- 
laterally is a strengthening bar of bone 
(tubcrculum jugulare) which the acces- 
sory (XI), vagus ( X), and glosso-pharyn- 
gcal (IX) nerves cross on their way to 
(3) tho jugular foramen, and (^ half-an- 
inch above this is the orifice of the internal 
auditory meatus. Into it the auditory 
(VIII) and facial (VITi nerves disappear. 
So, the last six cranial nerves of both 
sides leave the skull practically in a 
coronal plane (fig, 640), 

Surface A natomy, A straight rod con- 
necting both external amlitory meatuses 
nearly passes through both Internal audi- 
tory meatuses. This fact will assist you 
readily to relate the last six cranial nerves 
to the surface *01 the skull. 

The jugular foramen is an interosseous 
foramen between the occipital and the 
petrous tcmi)oral bones. Descending to 
its most anterior part is a narrow groove 
which lies behind the petro-ocnpitnl suture 
and lodges the inferior petrosal sinus. 
Descending sinuously to its most posteiior 
part is a wide groove for the sigmoid 
sinus, Nervc.s IX, Xf and XI pass 
through its middle part. The sicmold 
and .transverse sinuses together consti- 
tute the lateral sinus. . 

The groove for the lateral sinus begins 
at the internal occipital protuberance 
and runs, 1st, horizontally laterally on the 
squama of the occipital bone and postero- 
inferior angle of the parietal bone to a 
point f" or less behind the external 
auditory meatus; 2nd, there it curves 
downwards and medially in the angle 
between the mastoid and petrous parts 
of the temporal bone and, leaving them, 
returns to the occipital bone — this time 
td the jugular process; 3rd, it thdn curves 
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forwards above the jugular process; 
and 4th, descends in front of it, grooving 
the medial side of the styloid process. 

Two foramina for emissary veins com- 
monly pass backwards from the groove: 
the mastoid foramen leaves the mastoid 
part of the course and runs through or 
near the occipito-inastoid suture; the 
posterior condylar canal leaves the jug- 
ular part^and opens behind the condyle. 

Between the foramen magnum and the 
dorsum sellae there is a broad thick 
plate of bone, t^e basi-occipiial, which 
becomes thicker but narrower as it as- 
cends. Between the apices of the 
petrous bones a synchondrosis joins it to 
the body of the sphenoid until the 22nd 
to 25th years when synostosis occurs — a 
useful index of age. Only a few milli- 
meters of the body of the sphenoid are 
present between the synchondrosis (or 
synostosis) and the dorsi/m sellae, which 
is a free plate of bone. Between the 
foramen magnum and the internal qccip- 
ital protuberance a thick bar, the^ in- 
ternal occipital crest t gives attachment to 
the falx cercbelli. On each side of the 
crest the bone is concave for a cerebellar 
hemisphere, is translucent, and gives at* 
tachment on its external surface to 
nuchal muscles.. 

Thr PosTEuroR Surface of the 
Petrous Bone tends to be fiat and 
triangular. It i^ defined by grooves for 
three sinrises — the superior petrosal, in- 
ferior petrosal, and sigmoid. Its apex is 
joined to the sphenoid bone by a syn- 
chondrosis. Postero-.superior to the in- 
ternal auditory meatus is a small lat- 
erally directed pit, the remains of a 
large pit (Jig, 780 C, p, 79It) at birth over 
which the superior semicircular canal 
arched, hwee called the svbarcuate fossa, 
Postero-inTerior to the auditory meatus 
is a medially directed vertical slit, the 
opening ’of the aqueduct of the vestibule, 


which lodges the saccus endolymphaticvs 
(fig. 767), [The saccus endolymphat- 
icus is a bag of fluid connected to the 
membranous inner ear by the ductus 
cndolymphaticus. Lying extradurally, it 
can expand if the pressure in the ear 
increases. The apparatus may be com- 
pared with the yolk sac, vitelline duct, 
and intestine.) A pyramidal notch on the 
lower border of the petrous bone, just 
above the anterior end of the jugular 
foramen, lodges a ganglion of the IX 
nerve. The aqueduct of the cochlea, con- 
taining perilymph, opens at the deepest 
part of this notch and brings the inner 
ear into communication with the sub- 
arachnoid space (fig. 767). 

THE MIDDLE CRANIAL FOSSA AND 
ITS CONTENTS 

The middle cranial fossa (fig. 6i7). 
shaped like a butterfly, has a median 
part and two lateral parts 

The Median Part admits the end of a 
finger. It lias l^een likened to a bed 
with four clinoid j)rocesscs or bed posts 
(Klyno, Gk. “ a bed) each of which is 
pulled backwards by the tentorium. It 
lies abo\c the body of the sphenoid, 
which is thin-walled because it is in- 
flated by the right and left sphenoidal air 
sinuses. It is separated from the an- 
terior cranial fossa by the curved line 
that unites the anterior clinoid processes 
and forms the anterior edge of the optic 
(chiasmatic) groove. It is bounded be- 
hind by the dorsum sellae whose supero- 
lateral angles are surmounted by the 
posterior clinoid processes. 

Its features are: (a) the optic foramina 
and the optic groove connecting them, 
and (b) the sella turcica. The orifice 
of the optic foramen is somewhat com- 
pressed from above downwards. It lies 
between the inflated body of the sphe- 
noid and the two roots of the lesser wing 
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of the sphenoid. The posterior root 
separates it from the groove or foramen 
for the carotid artery. The optic, (chias- 
matic) groove connecting the optic fora- 
mina behind the jugum — docs not lodge 
the optic chiasma but part of the frontal 
lobe of the brain and related vessels. 
The sella turcica or Turkish saddle lies 
behind optic sulcus. It has 3 parts: (a) 
an olive-shaped swelling, the tubcrculum 


diverticulum of the ectodermal stomato- 
daeum which became the anterior lobe 
of the hypophysis cerebri. The lower 
end of the canal is hidden by the vomer. 

The anterior clinoid process is joined 
to the tubcrculum sellae by a fibrous 
band that passes behind the internal 
carotid artery. It may be partly or com- 
pletely ossified; the carotid artery then 
passes through a bony foramen^ 


Tuber c uLurrv. 

scLLae 

Optic qroovc 

Optic 
foramcrv 


HypopKyscal 

■fossot 


Lesser wirs.g of spKorwoid 

Ptoribrv 



Dorsurrv 

setLae 


fo3r A-guecluct 
of codvleoc 


Irvtcrrxal 

auditory rr\eatus 


Subarcuatc fossex^ 

/br ErxdoLyrtv-pKatic socc 


Arvtorior br. 
of m-iddLLc 
nvorvirs-geal ct. 


^ Petro-squamous 
fissure 

Tcqirver>w tympaxyl 

■I I Arcuate 

crtxirv.QrN.ee 
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sirxus 


for sigrrxoid sixxus 


Fio. G47. The middle cranial fossa: Note the seven features on the cerebral surface of the 
petrous bone, (1 ) a depression for the trigeminal ganglion, (2) an elevation for the superior semi- 
circular canal, (3) the remains of the potro-squamous fissure, (4) the legmen tyinpani, (5) hiatus 
for the greater superficial petrosal nerve, (6) hiatus fj>r the lesser superficial ^jetrosal nerve, (7) 
the roof of the carotid canal which is commonly membranous. 


sellae or pommel of the saddlo7(b) behind 
this i.s the scat of the saddle, called the 
hypophyseal fossa because it lodges the 
hypophysi.s cerebri or pituitary gland; 
and (c) behind this rises the dorsum 
sellae or back of the saddle. Behind the 
tubcrculum there is a pinpoint depres- 
sion, the remains of the cranio-phoryn- 
geal canal. It is of developmental in- 
terest because through it passed a 


The lateral Part. Each lateral part 
is limited in front by the lesser wing of 
the si)henoid, and behind by the superior 
border of the petrous bone. Laterally, it 
extends from the sharp inferior angle of 
the parietal almost to the blunt one. It 
is narrowest and lowest medially at the 
side of the body of the sphenoid. It 
comprises (a) the greater wing of the 
sjjhenoid, (b) the pars petrosa/nnA (c) 
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the squama of the temporal hone; each of 
these demands special attention. 

The Gkeatek Wing of the Sphenoid. 
The essential feature of the cerebral surface 
of the greater wing is a crescentic chain of 
foramina {fig. 6/(8): (1) Tlio superior 
orbital fissure is comma-shaped and lies 
between tiie greater and lesser wings. 
It leads forwards into the orbital ca\ity. 

(2) Its detached lower end, called the 
foramen rotundurn^ is directed forwards 
towards the infra-oibital foramen but 
opens into the . pterygo-palatinc fossa. 

(3) The foramen ovale lies half-an-inch 
postcro-latcrally and opens downwards 



Fig. 6^8. Diagram showing tlie rrescentio 
chain of foramina in ilie gioal ^^ing of the 
8|)h(‘noi<i. TliP larnmal f., Vt’fialiiin f., and o. 
inriominatus, which transmit tin artery, vein 
and nerve respectively, are not constantly 
present. This is a key diagram. 

into the infra-temporal fo‘^sn. And (4) 
the foyamen spinosum lies immediately 
postero-laterally, and also opens into 
t]ie infra-tcmp(^ral fossa. Eaeh of the 
first three foramina transmits a division 
of the trigeminal nerve, V, and 
The fourth, i.c., the foramen sptaesum, is 
situated at the postcro-lateral angle of 
the greater wing. It takes its name i^rom 
the spine that descend.s from the angle. 
It transmits the middle meningeal artery. 
The superior orbital fissure is separated 
from the^ptic foramen by one bar of 
bone ana from the foramen rotundum 
by another bar; rarely one or other fails 
to develop. The foramina ovale ''et 


spinosum are parts of the pet ro- sphe- 
noidal suture engulfed by the greater 
wing {fg. 640). 

Three small and inconstint foramina 
may appear in this crescent: (5) A 
foramen situated lateral to the apex of 
the superior orbital fissure, allows the 
middle mcMiingcal and lacrimal arteries 
to anastomose. (6) The foramen of 
Vesalius, situated between the foramen 
rotundum and foramen ovale, transmits 
an emissary vein. (7) The ^'canaliculus 
innomiiiatus'’ transmits the lesser super- 
ficial petrosal nerve to the otic ganglion. 
Usually this nerve passes through cither 
the petro-sphcnoiilal fissure or the fora- 
men ovale. The postcro-lateral angle 
of the greater wing is received between 
the squama and pars, petrosa of the 
temporal bone. 

Squama Tempokalis. The feature 
of the cerebral surface of the squama is the 
groove for the middle meningeal artery. 
This ])asses from the foramen spinosum 
on to the sejuama, curves forwards and 
laterally to a point corresponding to 
(i.e., opposite) the middle of the zygo- 
matic arch, and divides into two terminal 
grooves for the anterior and posterior 
branches of the middle meningeal artery: 

(a) The anterior groove regains the 
greater wing and proceeds to the sharp 
antero-inferior angle of the parietal bone 
(pterion) where it may remain an open 
groove, but more commonly it acquires 
overhanging edges or becomes a com- 
plete bony canal. Beyond the pterion 
it ascends to the vertex, again as an open 
groove that lies a finger’s breadth (more 
or leas) behind the anterior border of the 
parietal bone. Large grooves branch 
backwards from it, small ones forwards. 

(b) The posterior groove curves back- 
wards a finger’s breadth (more or less) 
above and parallel to the zygomatic arch , 
and supramastoid crest. To confirm this, 
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place your index finger above the arch 
and hold the squama to the light; its 
lower part is translucent. 

Surface Anatomy (fig. 649), (1) The 

stem of the middle meningeal artery^ pass- 
ing through for the foramen spinosum, 
deep to the anterior border of the head of 
the mandible. 

(2) The anterior branch of the middle 
meningeal artery crossing the pterion. 


(3) Macewan's Triangle lies below the 
supramastoid crest and behind the supra- 
meatal spine; a hole drilled here enters 
the tympanic antrum. 

(4) A hole drilled above the supra- 
mastoid crest enters the middle cranial 
fossa. 

(5) The lateral sinuSj passing from 
inion to a point or less behind the ex- 
ternal auditory meatus to become the 



The pterion is the point where three bones 
meet (parietal, frontal, greater wing of 
sphenoid). To locate it, place the thumb 
behind the frontal process of the zygo- 
matic bone and two fingers above the 
zygomatic arch, and mark the angle so- 
formed (Stiles). This great landmark 
overlies (a) the anterior branch of the 
middle meningeal artery, (b) the stem 
of the lateral cerebral fissure, and (c) a 
point a little above the level of the optic 
foramina. 


internal jugular vein deep to the j 
border of the mastoid process. 

(6) The central fissure of the cerebrum 
running frem a point behind the mid 
inibn-nasion point to a point 2" aboVe the 
external auditory meatus. 

Observe that lateral to the foramen 
spinosum the squama is strengthened by a 
rounded bar of bone, the artieular emi- 
nence, seen on the under surface of the 
skull; and that behind the eminence the 
6t|uama overlies the mandibular fossa 
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and is thin and translucent, explaining 
why a blow on the chin may fracture the 
middle cranial fossa. Hold the bone to 
the light. 

The Petrous Bone. The features of 
the cerebral surface of the petrous bone are 
a medley: a depression and an elevation; 
a suture line, a thin (perliaps dehiscent) 
part; two minute foramina, and two 
grooves., (1) On the apex is a shallow 
depression for the trigeminal (semilunar) 
ganglion. It is continuous behind with 
the rounded part of the superior border 
of the petrous bone over which the root of 
the trigeminal nerve rolls. In front, 
the bone is often deficient, though 
bridged in life by fibrous tissue, and 
oi)cns into the carotid canal. (2) An 
elevation, the arcuate eminence, rises like 
the tip of a finger above the superior 
border, a finger’s breadth from the side 
of the skull. It overlies the superior 
semicircular canal. (3) The remains of * 
the petrosquamous fissure run from be- 
hind the foramen spinosum /irst laterally, 
parallel io the superior border, and then 
backwards in a curve to the transverse 
sinus. It can be identified with the 
finger-nail. It is open until tlie second 
year and veins pass through it to the 
tympanum. (4) Medial to tin fissure is 
the legmen tgmpani or roof of the bony 
pharyngo-tympanic (auditory) tube, 
tympanum (mi(|dlc ear), and tympanic 
(mastoid) antrum. It is thin and can 
be broken with the point of the forceps. 
(5) Two foramina open 4 ancf 8 mm. 
respectively behind the foramen spino- 
sum, and from each a faint groove runs 
medially parallel to the superior bor- 
der: (a) The lateral groove conducts 
the lesser superficial petrosal nerve to 
the canaljljilus innominatus mentioned 
on page ^8. (b) The medial groove 

conducts the greater superficial petrosal 


nerve across the depression for the tri- 
geminal ganglion to the foramen lacerum. 

The Foramen Lacerum. I'his large 
ragged foramen as placed between the 
apex of the pars petrosa and the attach- 
ment of the greater wing to the body of 
the sphenoid. The internal carotid 
artery emerges from it and is conducted 
sinuously in a groove on the side of the 
body of the sphenoid to the medial side 
of the anterior clinoid process. 

Contents of the Middle Cranial Fossa: 

{!) Intradural (between two layers): 
Cavernous sinus. 

Nerves III, IV, VI. 

Nerve V. 

I. carotid artery and sympathetic plexus. 

(2) Extradural: 

Middle meningeal vessels. 

Superficial petrosal nerves — greater and 
lesser. 

,(S) Median Compartment: 

Optic ehiasma and nerve. 

Hypophysis cerel)ri (pituitary gland). 
Intercavernous sinus. 

The oculomotor (N, III), trochlear 
(N. IV), abduccMjt (N. VI), and the tri- 
geminal (N. V) nerves run intradural 
courses in the middle cranial fossa and 
deserve the special consideration now 
given them. Nerves III and IV were 
seen to pierce the dura mater in the 
triangle between the free and attached 
borders of the tentorium cerebelli. 
Nerve V was seen ascending from the 
pons, curving over and therefore round- 
ing off the medial part of the superior 
border of the petrous bone, and passing 
through the elliptica mouth of an evagina- 
tion of dura mater, called the trigeminal 
cave of Meckel. The upper lip of the 
mouth contains the superior petrosal 
sinus, which therefore crosses nerve V 
like an aqueduct. Nerve VI was seen 
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piercing the dura in the posterior cranial 
fossa over the inferior petrosal sinus. 

The Trigeminal Nerve (N. V). This 
nerv e is described first because it can be 
dissected without disturbing the other 
nerves associated with the cavernous 
sinus. 

On slitting up the mouth and roof of 
the trigeminal cave, the loose parallel 
fibers of nerve V are seen to become a 
plexiform swelling, called the trigeminal 
(semilunar or Gasserian) ganglion. The 
trigeminal ganglion is homologous with, 
and has the same structure as, the pos- 
terior root ganglion of a spinal nerve. 
It lies in a “finger tip” depression above 
the apex of the petrous bone. The 
depression extends forwards above the 
roof of the carotid canal, which here is 
usually fibrous :.so, the ganglion is sub- 
jected to the pulsations of the underlying 
carotid artery. 

From the anterior border of the f^an^ 
glion 3 nerves proceed: the mandibular 
nerve (V*) passes almost straight down- 
wards through the foramen ovale, as 
though through a trap door, into the 
infratemporal fossa; the maxillary n^rve 
(V*) passes straight forwards through the 
foramen rotundum into the pterygo- 
palatine fossa and ultimately appears on 
the face sis the infra-orbital nerve; the 
ophthalmic nerve (VO, which is the 
smallest of the three nerves, runs for- 
wards and upwards and divides into 3 
branches, the naso-ciliary, frontal, and 
lacrfmal, which pass through the superior 
orbital fissure into the orbital cavity. 

On inspecting a skull, you observe that 
the posterior lip of the f. ovale and the 
medial part of the f. rotundum are smooth 
and that the opposite parts are sharp. 
From this you conclude the directions 
taken by V* and V*, and you are in a posi- 
tion just now to test these conclusions. 


Nerv'es V\ V*, V* transmit sensory 
impulses from the three developmcntally 
separate parts of the face (fronto-nasal, 
maxillary, and mandibular {fig, 621), 
and each sends a recurrent branch to the 
meninges; that from V* supplying the 
tentorium cerebclli. But, the trigeminal 
nerve also conveys motor fibers to the 
muscles of mastication*; so, it is a mixed 
nerve. The motor root arises from the 
pons just medial (or supero-medial) to 
the sensory root, and joins the sensory 
part of the nerve beyond the ganglion, 
very much as in the case of a spinal nerve. 
The motor root is distributed solely with 
V*, and essentially with the anterior part 
of V*; so, it passes through the anterior 
part of the foramen ovale. This requires 
it to cross the ganglion from medial to 
lateral side; this it does infcriorly as a 
separate bundle of threads (fig, 650), 

The Caverhous Sinus, described on 
page 618, extends from the side of the 
hypophysis cerebri and body of the 
sphenoid medially, to the maxillary nerve 
laterally; and from the superior orbital 
fissure anteriorly, to the inferior petrosal 
sinus posteriorly. Through it passes the 
internal carotid artery surrounded by 
sympathetic .fibers; and applied to the 
lateral side of the carotid artery are the 
nerves of the ocular muscles — III, IV, 
and VI — in numerical sequence from 
above downw’ards {fig^ 651), Nerve V* 
is a lateral relation of the an1/5rior half 
of the sinus. Within the walls of the 
sinus, Serves IV and VI run horizontal 
courses; N. Ill inclines downwards, 
medial to them; N. V^ inclines upwards 
lateral to them; and they all crowd 
through the medial end of the superior 
orbital fissure. The naso-ciliary nerve 
is the most important branch of V^ for 
it is sensory to the eyeball, including the 
cornea. It arises from the medial side 
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of N. V' and accompanies N. VI. It 
cannot be seen until N. is everted. 

How do the nerves traversing the cavern- 
ous sinus gain entrance to the orbit? All 
pass through the superior orbital fissure. 
In the ape this fissure is round — like the 
optic foramen —it has no lateral extension, 
as in man {Jig. 632). In man it is the 
mc'dial or primilive part of the fissure 
that the, nerves utilize. They crowd 
through it, fairly tightly packed. The 
trochlear, frontal, and lacrimal nerves 
run side by side above the heads of the 
Lateral Rectus and are separated from 
the upper and lower divisions of the 



Fig. 050 Xervos IV and V' hav^* b(‘ou divi(l« «J 
and thrown forwards wilh gmiglioQ \ 


oculo-niotor, thp abdiu'cni, atid the 
naso-ciliary nerves, which pass between 
the two heads of the Lateral Rectus. 
But all are closa together. 

It should now be cletr to you wJiy 
nerves TV and VI run horizontal courses ; 
why nerve III descends; and \Vhy the 
branches of V' ascend. Elaborating tfiis 
you may say that the even nerves (IV, 
VI, Qi. horizontal courses; 

and that the odd nerves (III, Vb V®) run 
oblique courses, either ascending or <le- 
scending. 

The Internal Carotid Artery lies in the 
carotid canal, separated from the tri- 
geminal (semilunar) ganglion by a fibrous 


layer of dura. It emerges from the apex 
of the petrous bone into the foramen 
laccrum (it docs not pass through the f. 
hicerum) and bending upwards enters the 
middle cranial fossa. There, embedded 
in the cavernous sinus, it ascends in a 
sulcus on the lateial wall of the body of 
the sphenoid (and therefore of the -sphe- 
noidal air sinus), makes a right-angled 
turn, and passes horizontally forwards to 
the anterior clinoid process. There it 
makes an acute-angled turn upwards, 
medially, and backwards below the an- 
terior clinoid process and optic nerve 
to the angle between the optic nerve 
and traci where it divides into the anterior 
and th(‘ middle nrchral artery. 


AFIELD 



TRIGFMINAL GAMGLION 

Fio 1)5 J The nerves related to the caver- 
nous binus. 


It sends twigs to the trigeminal 
ganglion and hypophysis and gives off 
the ophthalmic and posterior communi- 
cating aiteries. 

Its intimate relations to the optic 
nerve and to the 3 nerves of the orbital 
muscles are indicated in figure 651, 
Of these, the abducent nerve clings most 
closely to it. 

The Abducent Nerve (N. VI) supplies 
the chief abductor of the eyeball. 

It arises at the lower border of the pons, 
the width of the olive medial to the facial 
nerve. It has an ascending and a hori- 
zontal course: thus, it ascends clamped 
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to the pons by the anterior inferior 
cerebellar artery, passes through the 
inferior petrosal sinus, bends sharply 
forwards over the petr»-sphenoidal suture 
(or over the bone on one or other side of 
• it), and enters on its horizontal course. 
In this it curves tightly round the lateral 
side of the internal carotid artery within 
the cavernous sinus, bears the relations 
to nerves III, IV, and mentioned above 
under cavernous sinus, crowds through 
the superior orbital fissure between tlie 
two heads of the Lateral Rectus, and 
enters this muscle on its ocular surface 
behind its middle. 


Superior orb-utaL Superior orbital 

fissure ftssuro 



GORILLA MAri 

Frc. 652. The suj)oiior orbital fissure, iu 
tlic ape and in man. 

Sympathetic fibers and twigs from 
nerve V join it in the sinus. 

If nerve VI is paralyzed, the oblique 
muscles can abduct the eye to, but not 
Ixjyond, the normal resting position. 

The Trochlear Nerve (N. IV) supplies 
the ocular muscle that plays in a troclilea. 
It is the only nerve to rise from the back 
of the brain. On this account it has the 
longest intra-cranial course. Not only 
has it the longest course, it is also the 
most slender — the olfactory nerves ex- 
cepted. It arises from the superior 
medullary velum, just below the inferior 
col^culus, winds round the midbrain 
under the free edge of the tentorium 


cerebelli, pa^es between the posterior 
cerebral and superior cerebellar arteries, 
pierces the apex of the triangle bounded 
by the free and attached margins of the 
tentorium, enters the cavernous sinus, 
runs horizontally along the horizontal 
part of the internal carotid artery between 
nerves III and VI. 

Nerve III inclines downwards medial 
to N. IV, and the frontal nerve adheres 
to the lateral side of N. IV as it passes 
through the superior orbital fissure, above 
tVe origin of the muscles. 

In the orbit N.IV lies below the 
periorbita of the bony roof, crosses the 
Levator Paipjbrae and Superior Rectus 
and enters the upper border of the 
Obliquus Oculi Superior far back. 

If paralyzed, double vision (diplopia) 
results on trying to look downwards and 
laterally. 

The Oculo-motor Nerve (N. Ill) is 
motor to all the ocular muscles, except 
the tw'o supplied by nerves IV and VI. 
It Is also moJ:or to the Levator Palpebrae, 
and to the ciliary muscle and sphincter 
of the pupil. 

It arises from the oculomotor sulcus 
of the mid brain, passes between the same 
two arteries as the trochlear nerve, and 
enters the same triangular field of the 
dura mater. In its course it runs lateral 
to the posterior communicating artery, 
posterior clinoid process, internal carotid 
artery, and body of the sphenoid; and 
it enters the orbit between the two heads 
of the Lateral Rectus in two branches 
(P4 ew. 

Posteriorly, it is the highest structure 
in the cavernous sinus and it grooves the 
under aspect of the anterior clinoid 
process, but anteriorly it dips down, 
medial to the trochlear and frontal nerves, 
in order to enter the orbit with the ab- 
ducent and naso-ciliary nerves. 

*The Anterior Clinofd Process is evi- 
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dently fashioned by its intimate relations : 
the free edge of the tentorium draws it 
backwards into a peak between the optic 
nerve medially, the oculo-motor nerve 
infero-laterally, and the internal carotid 
artery which is first inferior and then 
medial. 

The Middle Meningeal Artery is a peri- 
osteal artery. It appears through the 
foramen ^pinosum, which is the hind- 
most foramen on the ‘‘crescent of fora- 
mina” {fig. 648). Adhering to the outer 
surface of the dura, mater, it runs forwards 
and laterally for an inch or more and 
then divides into an anterior and a pos- 
terior branch, both of which are dis- 
tributed above the level of the tentorium, 
as described on page 622. 

Just before entering the skull, the 
middle meningeal artery sends the ac- 
cessory meningeal artery through the 
foramen ovale to the trigcfminal ganglion 
and the dura. Just after entering the 
skull, it sends two large twigs, wjiich 
accompany the two superficial petrosal 
nerves, into the petrous bone: one to 
supply the facial nerve and anastomose 
with the stylo-mastoid branch of the 
posterior auricular artery; the other to 
the tympanum. The anterior branch 
of the artery anastomoses through the 
superior orbital fissure with tlu* lacrimal 
arteiy; and, indeed, the laciimal arteiy 
may spring from ^ this branch. 

The Middle Meningeal Vein passes 
through the foramen spinosum to the 
pterygoid plexus; it also joins 'the su- 
perior longitudinal sinus. And, since 
the groove it occupies on the parietal 
bone widens above, it is possible that the 
venous blood mostly flows upwards. 

The Superficial Petrc^al Nerves, 
greater an^esser, arc fine nerves that ap- 
pear througn foramina on the petrous bone, 
(a) Both nerves run medially, parallel to 
the superior border of the petrous bone, in 


faint furrows that conduct them to the 
f. lacerum and c. innominatus respec- 
tively; (b) both are embedded in the 
outer layer of dura mater; (c) both are 
secretory (parasympathetic) and perhaps 
contain taste fibers; and (d) both are 
relayed in peripheral ganglia. 

The greater superficial petrosal nerve, a 
branch of the nervus intermedins (i.e., 
of the facial nerve), passes below the 
trigeminal ganglion, and descends into the 
foramen lacerum where it is joined by a 
sympathetic twig from the carotid plexus 
(called the deep petrosal nerve). There- 
upon, it passes through the pterygoid 
canal (as the nerve of the pterygoid canal » 
to the spheriu-palatine ganglion; whence 
it is relayed to the glands of the nose and 
palate and to the lacrimal gland. 

The lesser svperfidaJ , petrosal nerve is 
the continuation of the tympanic branch 
of the glossopharyngeal nerve. It is 
, joined by sympathetic fibers when passing 
through the tympanum, and liy a twig 
from the facnal nerve when passing 
through t he p<drous bone. It appears in 
the middle cranial fossa lateral to the 
greater nerve, and leaves the skull 
through the canaliculus innominatus or 
foramen ovale to join the otic ganglion. 
1'hence it is relayed to the auriculo- 
temporal nerve, which conducts it to the 
facial nerve, and so it reaches the parotid 
gland (fig. 744)- 

The Internal Carotid Nerve and Plexus, 

which is the upward continuation of the 
sympathetic trunk, accompanies the in- 
ternal carotid artery through the carotid 
canal and cavernous sinus to be 
distriliuted with the branches of the 
artery. In the cavernous sinus it prob- 
ably sends twigs to nerves. III, IV, V, and 
VI ; other twigs pass through the superior 
orbital fissure to the ciliary ganglion. 
Stimulation of these fibers causes the 
pupil to dilate and the involuntary mus- 



THE HEAD AND NECK 


635 


cles in the eyelids (sup. and inf. palpebral 
muscles, 657) to contract, thereby 
widening the palpebral fissure. 

«THE ORBITAL* CAVITY AND 
CONTENTS 

The Bony Cavity, The orbital cavi- 
ties are two pyramidal cavities each with 
four walls, an apex, and a base. Their 
medial walls arc parallel, separated by the 
nasal cavities, and one inch (25 mm.) 
apart. Their lateral walls are at right 
angles to each other. The apex is the 
optic foramen {fig. 653). A probe passed 
along the lateral wall of the cavity 


as a sequel to this, the vertical diameter 
(35 mm.) of the orbital margin is Ices 
than the horizontal (40 mm.), which in 
turn is less than the antero-posterior 
(50 mm.). The aperture is more cir- 
cular in females than in males; in yellow 
races than in white; and in white than in 
black. In the last it is oblong. 

The Orbital Margin. Three 
bones — the frontal, maxillaryp and zygo- 
matic — contribute nearly equal thirds to 
the orbital margin: the frontal forming 
the upper margin and parts of ’both sides, 
the other two meeting at the middle of the 
lower margin where there is a tubercle. 



Fig. 653. The orbital cavities on horizontal section, and their dimensions. 


traverses the optic foramen and meets a 
probe passed through the foramen of the 
other side at a right angle near the dor- 
sum sellae. The base is outlined by the 
orbital margin and faces forwards and 
laterally. The lateral margin of the 
aperture is nearly an inch (20 mm.) be- 
hind the plane of the root of the nose. 
Primitively, the aperture is circular, as 
in lower animals, in the ape, and in the 
child at birth. In adult man it is no 
longer circular. The recession of his 
dental arcades below his orbits results 
in changes in the direction of the lines 
of masticatory force, and, no doubt 


palpable through the skin. Each of these 
3 bones transmits a cutaneous nerve — 
supra-orbital, injra-orbiifll, and zygomatico- 
facial {fig.621,p,585). The lower margin 
of the orbit, traced medially, becomes the 
(antcribr) lacrimal crest of the frontal 
process of the maxilla (fig, 654) • The 
upper margin, traced medially, becomes 
the (posterior) lacrimal crest of the 
lacrimal bone. Thus, the two crests 
bound the fossa for the lacrimal sac in 
(ront and behind. The margin there- 
fore is spiral and may be likened to the 
margin of the obturator foramen. The 
palpebral fascia is attached to’ the (pos- 


636 


A METHOD OF ANATOMY 


tenor) lacrimal crest and is responsible 
for its razor-like sharpness. The rnarj^in 
is obviously much stronger laterally than 
medially. « 

The orbital margin is constricted, and 
is narrower than the part of the cavity 
that lies immediately behind it and that 
envelops the eyeball. The constricted 
aperture, the full anterior part of the 
cavity, Uie tapering hinder part, the 
elimination of angles, and the length of 
the optic foramen give a east of the com- 


(p. 757); hence, a diseased sinus may 
involve the. nerve of sight. The dia- 
meters of the caral, like those of the 
pelvic cavity, are* greatest in the tra^ns- 
verse diameter at the inlet; in "the 
opposite diameter at the outlet ; and in the 
middle it is circular. 

Fissukks and Suture Lines. A 
narrow bar of bone (the lower root of the 
lesser wing) separates the optic foramen 
from the upper limb of an extensive V- 
shaped fissure. The short upper limb of 
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Infra-orbital groove and foramen 
Flo. 654. The bony walls of the orbital cavity. 


bined cavity and foramen a pear-shaped 
appearance; the stalk occupying the optic 
foramen. * 

The Optic Foramen lies between Jhe 
two roots of the lesser wing and the 
body of the sphenoid. It is 3" — “ 9 mm. 
long (about J inch) and, having length, 
is in reality not a forapien but a canal. 
The distii||tion is significant. Tj'hc result 
is that the optic nerve is in contact with 
the papery wall of the sphenoidal (or 
post, ethmoidal) air sinus for 3 ^9 mm.. 


this V, the superior orbital fissure, sepa- 
rates the lesser and greater wings of the 
sphenoid, and continues laterally as a 
suture line to the junction between the 
zygomatic process of the frontal bone and 
the frontal process of the zygomatic 
bone. The long lower limb is the inferior 
orbital fissure. It completely separates 
the greater wing of the sphenoid from thh 
maxilla, and extends to the zygomatic 
bone. A curved probe, passed back- 
wards through the infra-orbital foi^amen, 
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traverses the infra-orbital canal and 
appears in the infra-orbital sulcus on the 
orbital plate of the maxilla. The sulcus 
ends at the middle oi the inferior orbital 
fissure. A suture line runs from above 
the optic foramen to the nasion, and 
separates the frontal bone above from the 
ethmoid, lacrimal, frontal process of 
maxilla, and nasal . bone below. Its 
hinder -J is horizontal and separates the 
roof of the cavity from the medial wall; 
its anterior J is arched and on the face. 
The anterior and posterior ethmoidal 
foramina lie in the fronto-ethmoidal 
suture. A suture line runs backwards 
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Fio. 655. Coronal section of skull. 

from the naso-lacrimal canal to the in- 
ferior orbital fissure and separates the 
lacrimal and etlimoidal bones medially 
from the maxillary (and palatine) bones 
below. 

The Wales and BeII^nd (fig, 655), 
Tlie lateral wall is the strong wall; the 
other walls are thin and translucent. 
This is strange because in mammals lower 
than primates the orbital cavity and 
temporal fossa are continuous ; there is no 
bony lateral wall. And, in many mam- 
mals (cat, pig) even the lateral part of 
the dH>ital margin is ^lissing. 



A perforation made (a) in the rcof leads 
to the anterior cranial fossa, (if made 
anteriorly, it first traverses the frontal 
air sinus) ; (b) in tiie jloor, to the maxillary 
air sinus ; (c) in the medial wall, to the 
, ethmoidal air cells; behind them, to the 
sphenoidal air .sinus ; and, in front of them, 
to the airivm of (he middle meatus of the 
nasal cavity; and (d) in the lateral wall, 
to the temporal fossa or, behind it, to the 
middle cranial fossa. 

The 'periorbita (periosteum) is easily 
detached, especially rfrom the roof and 
medial wall. This is fortunate for the 
surgeon operating on diseased frontal 
and ethmoidal sinuses via the forehead 
and nasal cavity, because it greatly 
lessons the risk of breaking into the 
orbital cavity. It allows the surgeon to 
remove parts of the roof and medial wall 
without involvement of the orbital cavity. 

Angles. 6ehind each of the four 
angles of the orbital margin there is o 
feature of note {fig. 610), Thus: . 

Supcro-lajcrally — I, lie fossa for the lac- 
rimal gland. 

Supero-medially — the fovea (or spine) 
for the trochlea of the Superior Oblique. 

Infcro-medially — the naso-lacrimal ca- 
nal and origin of the Inferior Obliquif 

Infcro-Iaterally — th^end of the in- 
ferior orbital fissure; |^ch back. 

Foramina. The optic foramen is the 
royal entrance to tbp orbital cavity; 
through it pavss the optic nerve (N. II) 
within its 3 meningeal tubers (Jig. 057), and 
the opRthalmic artery which supplies this, 
r^ion {fig. 661). The superior orbital 
fissure is the general entrance ; through it 
pass motor nerves III, IV, and VI, 
sensory nerve V^ sympathetic fibers, and 
the ophthalmic veins. The inferior or- 
bital fispure is an accessory entrance; 
through it pass branches from V^ (infra- 
orbital and zygomatic nerves), the infra- 
orbital artery, and a corainunicating 
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vein from the inferior ophthalmic vein 
to the pterygoid plexus. Other openings 
serv’e as exits — naso-lacrimal canal, infra- 
orbital groove, and supra-orbital, ant. 
ethmoidal, post, ethmoidal, and zygo- 
matic foramina. 

The Eyeball. The eyeball is an inch 
long (24.5 mm.) or half as long as the 
orbital cavity. It occupies the anterior 
half of the/;avity; muscles and fat largely 
fill the posterior half. It projects beyond 
the orbital margin to the extent that a 
needle passed from the lateral margin to 
the bridge of the nose would pass behind 
the lens (fig. GBS). On the other hand, 
the projecting supra-orbital margin and 
the bridge of the nose prevent a flat 
surface, such as a book, from striking the 
eye. 

Definitions. The white posterior 
of the eyeball is the sclera; the transparent 
anterior J is the cornea. Tiiesc are struc- 
turally continuous at the corneo-sclerotic 
junction. The center of the corneal cur- 
vature is the anterior pole; the center of 
the sclerotic curvature behind is the 
posterior pole. A line joining the poles 
is the antero'posterior , sagittal, or visual 
axis. The equator encircles the globe 
midway between two poles in the coro- 
nal j^lane. The . horizontal axis passc.s 
through the right and left ])oiuts on the 
equator. The vertical axis passes through 
the upper and flower points on the 
equator. Vision is most acute where 
parallel rays of light strike the retina at 
the posterior pole. This part ’of the 
retina is the yellow spot or macula luiea. 
The optic nerve pierces the sclera three 
ram. to the medial or nasal side of the 
posterior pole at the optic disc, which is 
the blind spot. It is in line with the 
orbital ax/^(i.e., the long axis of th§ 
orbital cavity) which is quite different 
from the sagittal or visual axis of the 
eyeball. ’ 


The Optic Nerve is developmentally 
different frorn other nerves; it is a part 
of the brain and like the brain it is sur- 
rounded by menin'ges and is bathed in 
ccrebro-spinal fluid and its fibers are 
devoid of neurilemma. The optic nerve 
takes a sinuous course from optic fora- 
men to optic disc and, so, does not restrain 
the movements of the eyeball. Its strong 
dural sheath begins at the optic foramen 
and extends to the sclera and blends with 
it. A probe passed through the optic 
foramen to the back of the globe lies 
within the sheath. Incise the sheath 
longitudinally, free the nerve, raise it, 
and cut it across immediately behind the 



ViG. 050. The six muscles of the eyeball 
(from the front). 


sclera and observe a central black spot — 
the central artery arid vein of the retina. 
The nerve cannot be withdrawn from 
its sheath because it adheres to it at the 
upper part of the optic foramen. 

The Muscles of the Eyeball are: 
4 Oculi Recti and 2 Oculi Obliqui. 

The Recti (superior, inferior, mcdialis, 
lateralis) arise from the margin of a 
fibrous cuff, which is fixed behind to the 
optic foramen and to the dural sheath of 
the optic nerve, and which reaches lat- 
erally to embrace the medial end of the 
superior orbital fissure. They are in- 
serted by bandlike aponeuroses into the 
sclera, 6-8 mm. behind the cornco- 
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sclerotic junction (ftg. 656) and are there 
loosely covered with conjunctiva. 

The Recti spread like the staves of a 
barrel: behind they aie applied to the 4 
walls of the orbital cavity; in front they 
grasp the globe. Each Rectus has an 
areolar sheath, and adjacent sheaths are 
united by areolar tissue- -just as the 
sheaths of the Steruo-mastoid and Trape- 
zius are united by the deep fascia of the 


into the lower lid. The origin of the 
Lateral Rectus is perforated in front of 
the superior orbital fissure by vessels 
and nerves that enter the cone of muscle ; 
BO, it has an upper and a lower tendon of 
origin. 

The Levator Palpebrae Superioris is 
dclnnunatcd from the upper part of the 
Superior Rectus; so, thby share the same 
nerve. When the Superior Rectus raises 
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Fio. 657. Diagram of the orbital cavity, on sagittal section. 


posterior triangle — so, a cone is described, 
muscle cone'* which encloses a 
space {fig, 657), A hammock of con- 
densed areolar tissue, which is slung 
between the points of attachment of the 
palpebral ligaments to the orbital margin, 
supports the globe and extensions sent to 
the medial and lateral Recti act as check 
ligaments. Involuntary muscle fibers, 
the Inferior Palpebral Muscle {fig, 657), 
spread forwards from the Inferior Rectus 


the eye, the Levator Palpebrae raises 
the lic4 It ari.scs above the Superior 
Rectus and is inserted in three layers. 
Oi these: (1) The .anterior layer -passes 
through the Orbicularis and is attached 
to the skin of the lid. Its edges extend 
to the medial and lateral palpebral liga- 
ments and are attached with them; so, 
tliey act as check ligaments preventing 
excessive retraction of the lid. (2) The 
intermediate layer is a sheet o£ involun- 
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tary muscle, the Superior Palpebral short distance (backwards) along each 
Muscle, which is attached to the upper of them; in the case of the Superior 
tarsal plate. (3) The posterior layer is Oblique— backwards beyond the trochlea, 
fascial and passes to the superior fornix The Obliqui (Superior et Inferior) are 
of the conjunctiva {jigs. GIS, 619, 657). directed backwards and laterally from 




The Fascial Sheath of the Eyeball. 
The sclera is invested in a bursal sheath, 
the fascia bulbi (capsule of Tenon), which 
extends fr^ the optic nerve to the 
comeo-scl^tic junction. It is neces- 
sarily pierced by the six tendo^ acting 
on the globe, and it is prolonged for* a 


just behind the supero-medial and infero- 
medial angles respectively of the orbital 
margin, to be inserted by fan-shaped 
tendons into the supero-lateral quadrant 
of the posterior half of the globe. The 
Obliquus Inferior arises, lateral to the 
fossa for the lacrimal sac. The Obliquus 
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Superior arose primitively from a cor- 
responding point on the roof, but it 
migrated backwards above the Medial 
Rectus to the fibroua cuff. . It passes 
through a cartilaginous loop, the trochlea, 
at the supero-medial angle ; so, Ihe direc- 
tion of its pull remains the same as that 
of the Obliquus Inferior. The Superior 
Oblique is necessarily tendinous at the 
trochlea and necessarily has a bursa there. 


provided it is appreciated: (1) that the 
muscles have three axes on which to act 
(sagittal, horizontal, vertical); (2) that 
the 4 Recti are arranged around the axis 
of the orbital cavity which is different from 
the sagittal axis of the globe(p. 638)\ hence, 
tlie M. S. and I. Recti act as adductors; 
and (3) that the two Oblique muscles 
pass behind the vertical* axis and are in- 
serted behind the equator; hence, they 
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Fig. 659. Dissection of the orbital cavity, from above. 


It is not a digastric muscle, being ten- 
dinous from pulley to insertion. The 
two Obliques cross below the correspond- 
ing Recti — the S. Oblique below the S. 
Rectus; the 1. ObliqUe below the I. Rectus. 

The nerves enter the four Recti on 
their ocular surfaces behind their mid- 
points, and the two Obliqui on their 

borders the upper border of the S. 

Oblique, the posterior border of the I. 
Oblique {fig. 660). 

The Actions op the Six Muscles 
(Jig, 668) should not be memorized, be- 
cause they can be worked out readily, 


act as abductors. Further, (4) the 
Recti acting as retractors of the eyeball 
and the Obliqjji as protractors keep it in 
balance. 

Nerves of the Orbit : 

(a) Spec^l Sense — II. 

(b^ Motof— III, ^V, and VI. 

(c) Sensory — (frontal, lacrimal, and 

nasociliary branches). 

(d) Autonomic (a) sympathetic 

, fibers from the carotid plexus, and 

^ (b) paras 5 Tnpathetic fibers trav- 

elling with N. III. 

^ SpECilL Sense. The Optic Nerve (II) 
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reaches the orbit through the optic 
foramen and comes to lie within the cone 
of muscles {fig. 057). 

All the otlier nerves crowd through the 
superior orbital fissure: three of these, the 
trochlear, frontal, and lacrimal, pass above 
tlie origin of the Lateral Rectus and lie 
between the roof of the orbit and the 
cone of muscles*; the others pass in a 
bundle through the Lateral Rectus, divid- 
ing it into an upper and a lower head of 
origin, and lie within the cone of muscles. 
The three branches of the ophthalmic 
nerve (V*) ultimately become cutaneous; 
the other nerves do not extend beyond 
the orbit. 

Motor (fig. 6G0). The ^Abducent Nerve 
(VI ) clings to the ocular surface of the 
Lateral Rectus and enters its middle. 

7" he 'Trochlear Nerve (I\^) enters (he 
upper border of the Superior Oblique far 
back. ‘ 

The Oculomotor Nerve (III) supplies the 
remaining 3 Recti, the Inferior Oblique, 
and the Levator Palp‘l)rac; and it con- 
veys parasympathetic fibers to the ciliary 
ganglion, thence they are relayed to tlu* 
ciliary muscle and iris. Tlie oculo- 
motor nerve is the nerve employed when 
examining an object close at hand, as m 
reading, because Jt causes convergence of 
the eyes (adductor muscles), accommoda- 
tion of the lens or focusing (ciliary 
muscle), and contraction of the pupil 
(circular fibers of the iris) thereby shut- 
ting out peripheral light. The 3rd nerve 
passes between the two heads^ of the 
Lateral Rectus as an upper and a lower 
division : of these the upper supplies the 
Superior Rectus and Levator Palpebrae; 
the lower sends a branch below the optic 
nerve to the Medial Rectus, a branch to 
the Inferior Rectus, and a branch that 
runs along^e lateral border of the In- 
ferior Rectus to the Inferior Oblique. 
The nerve to the Inferior Oblique de- 


livers the parasympathetic branch to the 
ciliary ganglion. 

Sensory. The Ophthalmic Nerve 
(V^) passes through the superior orbital 
fissure as 3 branches: frontal, lacrimal, 
and naso-ciliary. The frontal nerve passes 
above the Lateral Rectus, runs between 
the orbital plate of the frontal bonp and 
the Levator Palpebrae, and divides 
into supra-orbital and supratrochlear 
branches. These pass through the supra- 
orbital notch and above the trochlea 
respectively and are distributed to the 
scalp and eyelid. The lacrimal nerve 
follows the upper border of the Lateral 
Rectus, pierces the lacrimal gland, and 
ends in the upper lid. It gives sensory 
fibers to the lacrimal gland and delivers 
to it secretory fibers received from the 
zygomatic nerve. The naso-ciliary nerve 
is of supreme importance on account, not 
of the nasal distribution, but of the ciliary. 

, The naso-ciliary nerve passes between 
the two heads of the Lateral Rectus, 
ciosscs above the optic nerve, runs on the 
medial wall of the orbit between the 
Superior Oblique and Medial Rectus, 
sends (a) a twig through the posterior 
(‘thmoidal foramen to tlie sphenoidal and 
ethmoidal cells, sends (b) the infratro- 
chlear nerve below the trochlea to the 
tear sac and region all around it, and 
continues as the anterior ethmoidal nerve. 
The anterior ethmoidal nerve passes 
through the anterior ethmoidal foramen, 
appears in the anterior cranial fossa 
extradurally, passes through the nasal 
slit at the side of the crista galJi, supplies 
ethmoidal cells and the front of the nasal 
cavity, occupies the groove on the back 
of the nasal bone, appears on the dorsum 
of the nose between the nasal bone and 
cartilage, and extends to the tip of the 
nose. Its ciliary branches are described 
in the next paragraph. 

The Autonomic Nerves of the Eye- 
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BALL. Far back between the optic nerve 
and the Lateral Rectus there is a small 
brown ganglion, the ciliary ganglion. It 
is the relay station £05 the parasj'mpa- 
thetic fibers of nerve III. These fibers 
pass to the ganglion via the nerve to the 
Inferior Oblique and leave it via 12 or 
more short ciliary nerves, l^he short 

Levator Palpebrae 



Fig. GGO. Sketch of the distribution of 
cranial nerves 111, IV, and VI. • 

ciliary nerves pierce the scleral coat 
around the optic nerve, and run forwards 
between the scleral and choroidal coats. 
They are motor to the ciliary muscle and 
to the Sphincter Pupillae (circular fibers 
of the iris). 

AW shprt ciliary nerves j however, arc 
not parasympathetic. Thus, a branch 
from the sympathetic and another from 
the naso-ciliary nerve enter the ciliary 
ganglion and, without synapsing, pass out 
with the short ciliary nerves: the sympa- 
thetic fibers are vaso-constrictor ; the 
naso-ciliary fibers are sensory. 

Two long ciliary nerves arise from the 
naso-ciliary nerve, as it crosses the optic 
nerve; they accompany the short ciliary 


nerves. They are mixed — sensory and 
sympathetic: thes3mipathetic fibers joined 
the naso-ciliary nerve in the cavernous 
sinus; they are motor to the Dilator 
Pupillae (radial fibers of the iris). 

Sensation from the tip of the nose and 
from the cornea ia subserved by the re- 
spective divisions of the naso-ciliary nerve. 
A rough foreign body, such as a cinder, 
in the eye- -if there were no ciliary nerves 
to detect i( — would cause inflamation and 
ulceration of the cornea {figs. 718, 7f>4 
and p Gi8). 

Arteries {fig. G61). The Ophthalmic 
Artery supplies the contents of the orbit 
and sends branches beyond the orbit. 
It arises from (lie internal carotid artery, 
passes through the optic foramen below 
the optic nerve, pierces the dural sheath 
of the nerve laterally, and finds itself free 
wdthin the cone of muscles. It then 
crosses above the optic nerve between the 
ophthalmic vein in front and the naso- 
ciliary ncr\e behind. 

Branches must be account(^[ for to ’the 
various structures wdthin the orbit — 
three coats of the eyeball, optic nerve, 
muscles, fat, and lacrimal gland. 

The central artery of the retina, with its 
companion vein, pierces the sheath of the 
optic nerve inferiorly half-an-inch or so 
behind the eyeball, runs in the center of 
the optic nerve through the sclera to the 
retina, and supplies its inner layers. It 
is an end artery. Obslruction leads to 
instant and total blindness. 

Posterior ciliary arteries (G or more) 
divide into several branches which pierce 
th6 sclera around the opiic nerve to end 
in the choroid. Tw'o of these arteries, 
called long posterior ciliary aa., run for- 
wards, one on each side, betw’een sclera 
and choroid to anastomose with the 
anterior ciliary arteries. The choroid 
nourishes the outer layers of the retina 
vfhich themselves aro non-vascular. 
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Anterior ciliary arteries, derived from 
the muscular branches to tlie R^ti, 
pierce the sclera behind the corneo- 
scleral iunclion, anastomose with a long 
posterior ciliary artery on each side, and 
supply the ciliary body and iris. But 
before piercing the sclera, they supply 
twigs to tlie deep coojunctival plexus 
(episcleral) aroiKid tin* corneal margin. 
This plexus is clinically impjrlant be- 
cause it shares in the congestion of the 

Doreal rvoLsal 

I Su.pra.i:r<scKlecxr (Frontcxl) 


Fro. 661. Diagram of the ophthalmic artery 
and its branches. ^ 

<leep vessels when the iris or ciliary body 
is inflamed. The cornea has uo blood 
supply ; the sclera has but little. Various 
twigs, pass to the muscles and the fal^ 
The lacrimal artery joins its nerve, 
supplies the gland, and extends to the 
upper lid. It gives off a meningeal 
branch (p^ 034) • Being the lateral 
artery of tic orbit, it has to supply twi|s 
to the muscles, conjunctiva, ajad lids. 

Six branches, including the lacrimal a., 
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pierce the cone of muscles, stream out of 
the orbit in company of corre^pondingIy 
named nerves, and anastomose freely with 
branches of I he pxternai carotid artery. 
They are: the svpra-orbital, supratrochlear, 
dorsal nasal (with the infratrochicar 
nerve), lacrimal, and the anterior and 
posterior ethmoidal arteries. The fir§t five 
end on the forehead or face; the last 
named ends in the nasal mucosa. 

Veins. The superior ophthalmic vein 
begins as the union of the supra-orbital 
and supratrochlear veins, and it anas- 
tomoses with the anterior facial vein. 
It cro}*s:\s above the optic nerve, passes 
througli th(» superior orbital fissure and 
ends in tlie cai ernoiis sinus. 

The inferior ophthalmic vein begins on 
the floor of the orbit, communicates 
tlirough the inferior orbital fissure with 
the pterygt)id plexus, crosses below the 
optic nerve and ends either in the superior 
vein or in the cavernous sinus. Tribu- 
taries correspond to branches of the 
artery. 

Lymph \ ls^els have not been de- 
•^cribed within the orbit. 

The Lacrimal Gland {fig, 619 C) is 

serous gland placed behind the svpcro^ 
lateral angle of tlie orbital margin, between 
the orbital plate* of the frontal bone and 
the conjunctiva. It is indented by the 
lateral border of the Levator Palpcbrae 
and thereby made J-shape, just as is the 
submandibular gland by the lateral bor- 
d'^r of the Mylo-hyoid. So, it has a 
larger .deep (or orbital) lobe and a smaller 
superficial (or palpebral) lobe. Less than 
a dozen ducts open near the fornix of the 
conjunctiva; those of the orbital lobe 
crass the palpebral lobe. 

Exposure. To expose the orbital lobe 
of the gland, cut through skin. Orbicularis 
Palpebrae, and palpebral fascia along the 
supero-lateral quadrant of the orbital 
margin. To expose the palpebral lobe, 
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evert the upper lid and incise the fornix 
of the conjunctiva. 

Vessels and Nerves. Lacrimal artery 
and nerve. The lacrinfKil nerve contains 
sensory fibers and conveys secretory and 
sympathetic fibers i-eceived from the 
zygomatic nerve. The secretory fil)ers 
travel via the nervus intermedius, greater 
s. petrosal n., nerve of the pterygoid 
canal, spheno-palatine ganglion, and zygo- 
matic nerve, thence by a communicating 
branch to the lacrimal nerve (///. 744)- 

Other Contents. Three branches of 
the maxillary nerve (V^ through the 
inferior orbital fissure and, though not 
concerned with the orbital contents, tech- 
nically they enter the orbital cavity: 
(a) the infra-orbital nerve clings to and 
perforates the floor; (b) the zygomatic 
nerve clings to and perforates (he lateral 
wall and sends secretory and sympathetic 
fibers to the lacrimal gland, (c) the 
orbital branch of the spheno-palatine 
ganglion si|pplies the sphenoidal and 
ethmoidal cells, periosteum, and the Mus- 
cle of Muller that bridges the inferior 
orbital fissure. 

Twigs of the infra-orbital artery sup- 
ply the floor of the orbit and the lacri- 
mal sac. 

The Eyeball (The Dissection of the 
Eyeball). A good way to acquire a gen- 
eral knowledge of the anatomy of the 
human eyeball is through the dissection 
of the eyeball of the ox, because it is 
large and obtainable without difficulty. 
It is necessary to remove the adnexa 
preparatory to hardening the ball in 
formalin or alcohol overnight. The con- 
junctiva is only loosely attached to the 
sclera and is easily separated from it up 
to tlie corneal margin. The epithelium 
of the cornea is firmly adherent and can- 
not wrinkle. In man it consists of five 
or six layers of cells. The four Recti, 


tw^ Obliqui, and the Retractor Bulbi 
(a muscle not present in man), are to be 
cleaned and removed with the fat around 
the ball. The thick tube of dura mater 
surrounding the optic nerve is to be 
cleaned and its attachment to the globe 
defined. 

The ball or globe of the eye has three 
concentric coats (Jigs, 662y 663) whose 
parts from behind forwards are: 

1. Outer or fibrous coat: 

Sclera and cornea. 

2. Middle or vascular poat: 

Choroid, ciliary body, and iris. 

3. Inner or retinal coat: 

Outer pigmented. 

Inner nervous. 

These enclose three refractive media 
— aqueous humour, lens, and vitreous 
body. 

Dissection . iy)l(Jing the globe firmly in the 
left hunch shave off from the neighborhood of 
^ the eejuator thin slices of the sclera, which is 
grayish in color, until the choroid, which is 
told by its jet blackness, is exposed. Then 
holding the giobo loosely so as to relieve 
tension carefully insert the point of a probe 
through the hole just made and detach the 
choroid all round it. With scissprs snip away 
the par4. of the sclera so freed. And soj with 
the alternate aid of probe and scissors, and 
working meridionally between anterior and 
posterior poles, remove a third or more of the 
outer coat. This will expose an underlying 
elliptical area of the choroid . The point of the 
probe must be directed continuously against 
the sclera in order that the (ielicatc middle and 
inner coats shall not be punctured. With a 
sweeping ^movement detach the middle coat 
from the corneo-scleral junction where it is 
firnily attached. 

Observation. The space behind the 
cornea is the anterior chamber. It is con- 
tinuous through the pupil, which is oval 
in the ox and circular in man, with the 
posterior chamber. Both chambers con- 
tained aqueous humor in life. The lens 
touches the back of the iris at the pu- 
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pillary margin. The probe should be 
passed through the pupil and behind the 
iris into the posterior chamber. 

In man the cornea forms one-sixth of 
the outer coat of the globe; the cclera 
five-sixths. The cornea is more convex 
than the sclera, i.o., it is a segment of a 
smaller sphere. The cornea is about 1 
mm. thick; the^ sclera is thinner, es- 
pecially at the equator. The two, how- 
ever, are structurally continuous at the 
cornco-Bclerolic junction^ where there are 
several features of note: (a) The edge of 


lacing strands, the 'pectinate ligament^ 
that pass backwards from the edge of the 
posterior clastic membrane of the cornea 
t ) the region of the iris and sclera, and the 
spaces enclosed are lined with the 
mosothelium of the anterior chamber. 
The anterior chamber communicates 
through the spaces with the scleral sinus 
wliich in turn communicates with the 
scleral veins. 

DibSEcnoN. Cut iiway the remaining part 
of tho cornea and, after freeing structures witli 
the probe, carefully enter the blade of the 



Fig. h02 Fia. 

Fin. GG2. Sclu'inc ol tlie eyeball, anteroposterior sect ton. 

P'lG. 063. Dissection (^f t!w <veb:ill of an o\, tin* seen a is in pai t removed. 


the cornea is overlapped by ilie sclera 
like a watch glass in its case, (h) Run- 
ning circularly around the sclera there is 
a minute cleft, t*he scleral simis, \isiblc 
with a lens, (c) The middle coat has a 
white zone, 6 mm. broad, thfr ciliary 
muscle^ which is continuous in front with 
tfie ins and behind with the chordid. 
The ciliary muscle arises from the sclera 
at the corneo-sclcrotic junction and is 
there firmly attached. (4) The acute 
angle bet^^en the cornea and the iris 
(actually between sclera and iris) is the 
irido-corneal angle. It is crossed by inter- 


scissors llirough IIjc pupil and cut a large 
square flap in the ins. Raise the flap and 
enlarge it backwards through the ciliary muscle 
into (he choroid, thereby exjiosing the jelly-like 
vitreous body. 

Observation. On the surface of the 
raised flap (in front of the ciliary muscle) 
a number of short black fingerlike proces- 
ses, the ciliary processes^ ro.scmblmg the 
fascia dentata of the bruin, are apparent. 
When in position, they occupy the pe- 
ri])hcral part of the posterior chamber. 
They may roach to the periphery of the 
lens. Handle them with the probe. 
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They are about seventy in number. 
They are black because the pigrfiented 
retina is adherent to them (see below). 
The peripheral margin^ of the lens also 
is exposed, so is the transparent capsule 
of the vitreous body, called the hya- 
loid membrane. The hyaloid membrane 
passes forwards in folds, which the ciliary 
processes occupy, to near the margin of 
the lens where it divides into an anterior 
and a posteiior layer. The posterior 
layer continues to encapsule the vitreous. 
The anterior and stronger layer, the sus- 
pensory ligament of (he lc7is, blends 


Dissection. Using probe and scissors, cut 
circularly through each of the three coats at the 
equator: first through the remaining part of 
the sclera, next through the choroid, and then 
through the retina. The globe can now be 
separated into anterior and posterior halves; 
the vitreous body remains with the anterior 
half. 

Observation. In man the fibers of 
the optic nerve pierce the sclera in 
bundles, 3 mm. to the nasal si^c of the 
posterior pole of the globe, and at this 
point the sclera is cribriform and weak. 
Next they pierce the , choroid * and the 
outer layer of the retina, which adheres 
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withjthe front of the lens capsule. A 
triangular canal, the zonular spaces (canal 
of Petit) encircles the margin of the lens 
between the two layers, and it is possible 
with a hypodermic syringe to cause a 
colored fluid to flow round it. 

The ciliary muscle {fig, 66If) is triangu- 
lar on cross section. Its fibers radiate 
backwards from the corneo-sclerotic junc- 
tion to the choroid which they pull 
forwards when they contract, thereby 
causing relaxation of the suspensory 
ligament and alloiHng the lens to become 
more convex. The muscle possesses an 
inner bundle of circular fibers. 


to the choroid, and then^ after forming a 
circle, the optic disc, which is a blind spot, 
1.5 mm. in diameter, they spread out as 
the inner layer of the retina. After death 
the retina is gray and fusterless like an 
exposed photographic film. No longer 
supported by the vitreous it detaches itself 
from the choroid everywhere except at 
the'^ disc, and it becomes wrinkled and 
perhaps broken. The central artery and 
vein each pass through the disc as two 
vessels, which bifurcate and pass to the 
four quarters of the inner layer of the 
retina. • * 

The choroid adheres to the inner surface 
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of the sclera, but it is easily detached and 
the perichoroidal space opened up. The 
inner surface of the sclera is stained with 
pigment (lamina fusca) except along a 
number of meridional lines where the 
ciliary nerves adhere. If the choroid is 
sponged under water, the pigment is 
washed away and a network of vessels is 
seen. 

Turn^ to the anterior half of the globe. 
The retina becomes thin along a wavy 
line, the ora serraia, a short distance 
behind the ciliary muscle. Bchiiid this 
the retina is true optic retina, but in 
front (where rays of light cannot reach) 
the retina is represented by two layers 
of cubical cells, the outer of which is pig- 
mented. These two layers arc carried 
for\vards over the ciliary body and iris to 
the margin of the pupil. 

The Refractive Media, The cornea docs 
the chief focussing; the lens is for fine 
adjustment. The lens^ derived from the, 
same layer as skin, hardens or cornifies 
with advancing age. The hardening be- 
gins at the center, and accommodation 
becomes increasingly difficult. The ox 
being young, the lens is soft throughout. 
When hardened, a lens may be s[)iit into 
layers somewhat like an onion. Tlic 
vitreous body Is emV)ryonic tissue com- 
parable to that in the uml)ilical cord. 

Vessels. Arlenes. About a dozen 
posterior ciliary aa. pierce' the sclera 
around the optic; nerve and enter the 
choroid far back. Two of these, long 
ciliary aa.j one on each side, ruh forward 
between sclera and choroid aiul enter the 
ciliary body where they form a circle 
which is joined by the anterior ciliary aa. 
The ciliary body and iris are supplied by 
these. 

The a^^ior ciliary aa, an^ branches 
of muscular vessels. Before piercing the 
sclera, they anastomose with the con- 


junctival arteries and give off episcleral 
twigg. 

The central a. supplies the inner layers 
of the retina ; it i\3 an end artery. 

The function of the vascular choroid is 
to nourish the outer layers of the retina ; 
hence, where the retina is thin (i.e., in 
front of th(; ora serrata) the choroid is 
much less vascular. 

The cornea is bloodless. 

Veins, Four choroidal terns pierce the 
sclera behind the equator. 

Nerves. Fibers of N, III, relayed in 
the ciliary ganglion as short ciliary nerves, 
pierce around the optic nerve, pass to the 
ciliary muscle and iris, causing accom- 
modation (of the lens) and contraction 
of tlic pupil. The sympathetic fibers act 
on the radial fibers of the iris causing 
dilatation of the pupd. They are also 
vaso-motor. Brandies of the naso- 
ciliary nerve (V) accompany the short 
(jiliary nerves and are sensory to the 
cornea. 

Development. The retina developed 
as an outgrowth from the brain and, so. 
is of ectodermal origin. In its early stage 
il resembled an inflated rubber balloon 
with a hollow stalk which was continuous 
with the cavity of the 3rd ventricle. On 
the appearance of the lens, which de- 
veloped from the overlying skin surface 
and likewise is of ectodermal origin, the 
balloon was deflated and invaginated and 
made cup-shaped, hence the two layers 
of the retina. 

The central artery originally passed 
through the hyaloid canal in the vitreous 
body and anastomosed in the capsule of 
the lens, which early was vascular. 
Before birth, this capsule atrophies and 
the artery, ceasing to supply it, confines 
itself to the retina and so becomes an 
end artery. 
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THE ANTERIOR TRIANGLE OF THE 
NECK 

Subdivisions {fig. (Ui.l). The anterior 
triangle of the neek is bounded by the 
the median line from chin to manu- 
brium, by the anterior border of the 
Stemo-roastoid, and by the lower border 
of the jaw together w’ith the hinder part 
of the posterior belly of the Digastric 
It is subdivided into three subsidiary 



Fio. 66.5. The superficial regions of the head 
and neck. 

triangles, named, digastric, carotid, and 
mvsevdar, by the anterior and posterior 
bellies of the Digastric and the superior 
belly of the Omohyoid. The region of 
the neck bounded below by the body of 
the hyoid bone and on each side by the 
anterior belly of the Digastric is the svib- 
tnental triangle. It is impaired and wiU 
be considered as part of the median line 
of the neck. The region above the pos- 


terior belly of the Digastric and behind 
the ramus of the jaw is the parotid region 
Though the parotid region is in the neck, 
it it. beyond the eonfino-s of the anterior 
triangle. 

Landmarks and Vertebral Levels (fig. 
660). Tlie only \ertebra that can be 
identified from the front i.s jthe atlan 
{fig. 701). The tip *of its transverse 
process, much more prominent than all 
other cervical transverse processes except 
the seventh, lias betw'een the angle of the 
jaw and the tip of the mastoid proceas. 
It is bi'st felt by pressing upward.s behind 
the angle of the jaw. The other tran.s- 
\erse processes can be felt on deep pre.s- 
suri' but not identified individually. 

If you drop the chin .slightly, in order 
to render the cervical fascia lax, and run 
yogr fingers downwards in the median line 
of the neck from chin to suprasternal 
(jugular) notch, you will palpate in .suc- 
ce.ssion the both/ of (he hyoid bone, the 
laryngeal prominence of the thyroid car- 
tilage (Adam’s apple), the arch of the 
cricoid cartilage, and two inches of 
trachea. The lower rings of the trachea 
are more ea.sily distinguishable than the 
upper 3 or 4 which are covered by the 
isthmus of the thyroid yldnd. 

The hyoid bone is joined to the thyroid 
cartilage by the thyro-hyoul membrane] 
the thjrroid cartilage to the cricoid carti- 
lage by the median crico-thyroid lig . ; and 
the cricoid cartilage to the trachea by the 
crico-tracheal membrane. 

With the head in the anatomical posi- 
tion (eyes looking forward) the hyoid 
b’one lies above the level of the chin, at 
the angle between what are really the floor 
of the mouth and th§ top of the neck. 
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Wliile palpating the hyoid bone (the chin 
must be dropped) perform the act of 
.svvallo\ving and note that it is pulled up- 
wards and forwards. I'he thyroid and 
cricoid cartilag(‘s also are h'U to rise. 
Run the index fingers along the hyoid 
bone to tlie tips of its greater cornua, 
which Ii(‘ iK'ar the anterior borders of the 
Sterno-inastoids, and note the bone can b(‘ 
moved f^om side to side like a shuttle; 
so, to palpate one cornu it is necessary 
to steady the other. The right and left 
laminae bf the thyroid cartilage and its 
superior cornua are also readily felt 
provided the opposite side is steadied. 

The hyoid bom* lies at tin* level of the 
body of the 3rd cervical vertebra, the 
thyroid cartilage at the level of the 4th 
and 5th, the cricoid cartilage at the \ery 
important level of the 6th. 

The Platysma Myoides (= inuscle-hke 
plate) is a rhomboidal) subculaneous 
muscle sheet. It extends from the face 
abgve to the level of the 2nd rib below 
It is superficial to the firjjt two bdnes 
in the bo'dy to ossify (i.e., clavicle and 
mandible) and it cros.ses the entire length 
of both. It is continuous above with 
the facial muscles, but the most anierior 
fibers are attached to the lower border 
of the mandible and others decus'>!:ttc with 
the opposite Platysma for an inch behind 
the chin. Its anterior border slopes from 
this point to th^ sterno-clavicular joint. 
Thus, the l^latysnia leavc’^ the median line 
of the neck and the lowest part of the 
anterior triangle uncover(‘d; wlfercas it 
covers the lowest part of the posterior 
triangle. It is as though the sheet had 
been pulled off the anterior triangle in an 
attempt to cover the posterior one. 

It lines the side of the neck, which is 
concave, when it contracts its fibc/s 
by straightening ease a tight collar and 
take pressure off the underlying veins of 
the neck! 


Its action, therefore, is “anti-sphinc- 
teric^'. The facial nerve supplies it on 
its deep surface. Branches of the an- 
terior cutaneous^ nerve of the neck 
pierce it. 

Other subcutaneous muscles^ apart from 
those about the hoail. arc the occasional 
axillary arclies (p 93^ the representatives 
in man of the muscles with which horses 
flick off flies), the Palmaris Brevis, and 
the Dartos. Of these, the Dartos is an 



involuntary muscle supplied by sympa- 
thetic fibers. 

Deep Fascia. The neck is invested in 
a sleeve of deep fascia similar in texture 
to that investing the limbs but differing 
from that covering the thorax and ab- 
domen. This sleeve splits behind to 
enclose the Trapezius, covers the pos- 
terior triangle, splits in front to enclose 
Stenio-mastoid, and covers the anterior 
triangle. According to rule, it is attached 
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to all the exposed bony parts and liga- 
ments it encounters. These are: behind^ 
the ligamentum nuchae; in /roni, the 
whole length of the body and great cornua 
of the hyoid bone; above, the lower 
border of the jaw, the zygomatic arch (to 
reach which it crosses the parotid gland), 
the cartilage of the ear, the mastoid 
bone, and the superior nuchal line; below, 
it splits an inch or so above the manu- 
brium into two layers, which are attached 
to the front and back of the suprasternal 
(jugular) notch, thereby enclosing a 
space, the supradernal space of Burns. 
Lateral to this it blends with the sub- 
cutaneous parts of the clavicle, acromion, 
and posterior l)oider of the spine of the 
scapula between the attachments of the 
Sterno-mastoid and Trapezius above, and 
the Pcctoralis Major and Deltoid below. 
It encloses the submandibular (fig, 
602) (submaxillary) and parotid salivary 
glands, and forms slings which bind 
down the intermc'diate tendons of tfie 
Digastric and Ornoliyoid. 

'Die carotid sh(‘ath, prevertebral fascia, 
and slieadi of th<' tliyroid gland are de- 
scribed on page"- ()5(), ()1)8, (>72, and 
fig. iV29. 

The Superficial Veins (Jig, G2S). The 
superficial temporal vein and the internal 
maxillary vein unite in the parotid gland 
to form the posterior facial vein. This 
divides. into two branches: the posterior 
branch joins the posterior auricular dcin 
to form the external jugular vein ; while the 
anterior branch joins the anterior facial 
vein at the angle of the jaw to form the 
common facial vein. The common facial 
vein pierces the deep fascia to join the in- 
ternal jugular vein at the level of the 
hyoid bone. The external jugular vein 
descends vertically, crosses the Sterno- 
mastoid, pierces the deep fascia at the 
posterior border of the Sterno-mastoid 
an inch above the clavicle^ then receives 


the transverse cervical, suprascapular, an- 
terior jugular and other veins, and finally 
pierces a second layer of fascia to end in 
the subclavian vein. 

The right and left anterior jugular veins, 
unequal in size and asymmetrically 
placed, begin in the suLmerital region, run 
near the median line, pierce the deep 
fascia an inch or so abovb the manubrium 
to enter the suprasternal space. Here a 
cross-channel unittvs them. J^ach then 
turns laterally and runs along the upper 
border of the clavicle, betv\('eii Sterno- 
mastoid and “the strap muscles” to end 
in the external jugular vein. 

Ifjile.. Not infre(iuently an unnamed 
vein, lying long*the anterior border of the 
Sterno-mastoid, connects the common 
facial and anterior jugulaT* veins. This 
connecting vein is important, because it 
may b(‘come a main channel, equal in siz(» 
even to the internal jugular itself and 
, mistakable for it. ^ 

Thfee Superficial Nerves appear in* 
the •anterior ^triangle (fig. 62/). The}^ 
are (1) the great auricular nerve which 
passes to the parotid gland vv here it 
divides, (2) the anterior cutaneous nerve 
of the neck which supplies the entire 
front of the neck, and (3) the cervical 
branch of the facial nerve. The last 
last named, though subcutaneous (ac- 
tually subplatysmal) is a motor nerv^c. 
It passes within a finger's breadth of the 
angle of the jaw and sends one branch 
downwa!;ds to supply the Platysma and 
anastomose with the anterior cutaneous 
nerve, and another forwards along the 
lower border of the jaw. This latter 
ly’anch enters the face by crossing the 
lower border of the jaw with the facial 
artery and the anterior facial vein. On 
the face it anastomoses with ttte mandib- 
ular branch of the facial nerve and helps 
it 'to supply tbe inferior labial muscles. 
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The Median Line of the Neck 

Boundaries and Subdivisions {jig. 
667). The median line is l)oundod above 
by the blij^htly divorginf; an tor lor bellies of 
the Digastrics, l>elow by the oonv(*rging 
Sterno-thy raids, and between these by the 
nearly parallel Sterno-hyo'ids It is di- 
vided into suprjahyoid and infrahyoid 
part'- The suprahyoid part is limited 



Fio. 667. The mu8cl(*8 bounding the median 
lino of the neck. ^ 

below by the body of the liyoid and on the 
sides by the anterior bellies of the Di- 
gastrics, which converge to be attached 
to the digastric impressions at the sides 
of the symphysis menti. The triangle 
formed thereby is the submental triangle. 
The MylQ-hyoids form its floor. Here 
the an tenW jugular veins begin; here lie 
the submental lymph glands, which drain 
the median parts of the lower lip and 


floor of the mouth and the tip of the 
tongue. 

If you examine the cadavera in the 
dis'^ecting rooms, you will find the anterior 
bellies of the Digastrics and the Mylch 
hyotds in process of change. Once they 
formed a single muscle sheet: in a per- 
centage of subjects separation is com- 
plete; in others various types and degrees 
of incomplete separation are encountered. 
Later the two muscles will be found to 
have a common nerve supply (fig. 677). 

Median Structifres and Vessels" 
Crossing the Line. The hyoid bone 
resembles the iliac crest in that no muscle 
crosses it from one end to the other. It is, 
therefore, subcutaneous; and therefore 
the de(*p fascia is attached to it. The 
suprahyoid twig of the lingual artery and 
the infraliyoid twig of the superior thyroid 
artery follow its upper and lower borders 
and anastomose with their fellows across 
the median plane. The thyro-hyoid mem- 
brane pa&s(‘s from Ihe upper border of the 
thyroid cartilage to the upjjer border of 
the body and greater cornua of the hyoid, 
and a retro-hyoul bursa is present between 
the membrane and the body of the hyoid. 
The median cnco-thyroid ligament unites 
the adjacent borders of the cricoid and 
thyroid cartilages. It is very strong and 
is partly visible between the upwardly 
diverging borders of the Crico-thyroid 
muscles. The crico-thyroid branch, of the 
superior thyroid artery anastomoses with 
its fellow in front of the ligament and 
sends a (median) twig through the liga- 
ment into the larynx. The Crico-thy- 
roids are the tensors of the vocal cords. 
The isthmus of the thyroid gland generally 
covers the 2nd, 3rd (and 4th) tracheal 
rings, anj branched of the opposite 
superior thyroid arteries anastomose 
^long its upper border. A long process 
of the thyroid gland,%alled the pyramidal 
lobe, present inJess ihan 50% of subjects, 
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extends from the isthmus towards, or to, 
the hyoid bone. 

In front of the lower cervical rings of 
the trachea are: (1) One or more cross 
communications between the anterior 
jugular veins within the siiprasternal 
space of Burns, (2) The (right) in- 
nominate artery and (3) the left innomi- 
nate vein may peep above the supra- 
sternal (jugular) notch. (4) The inferior 
thyroid veins descend to the left in- 
nominate vein, and (5) an occiasional 
thyroidea irna artery ascends from the 
(right) innominate artery to the thyroid 
gland. 

The Infrahyoid Musclest four in ail, 
are the depressors of the larynx. Owing 
to their shape they are sometimes re- 
ferred to as the “strap muscles**. They 
belong to the same superficial ventral 
sheet of muscles as the Rectus Abdominis, 

The primitive infrahyoid muscle mass 
splits into a superficial and a deep layer 
each of which splits again into two. TTie 
superficial layer splits longitudinally into 
medial and lateral parts, the Sterno-hyoid 
and Omo-hyoid; the deep layer becomes 
attached to the oblique line of the thyroid 
cartilage and is thus divided into upper 
and lower parts, the Thyro-hyoid and 
Sternorthyroid. The four infrahyoid mus- 
cles will later be seen to be supplied by 
branches of the anterior rami of cervical 
nerves, 1, 2, and 3 via the hypoglossal 
nerve and the ansa hypoglossi. These 
branches approach the muscles from the 
lateral side, pass between their super- 
ficial and deep layers, and enter them on 
theit opposed surfaces or lateral borders 
{fig. 668). 

The SxEBNo-riftoiD and ^mo-hyoid 
arise side by side from the front of the 
body of the hyoid, and . diverge very 
slightly from the mediab plane as they^, 
descend. The Stdii^o-hyoid is attached 
to the posterior aspect of .the capsule of 


the stemo-clavicular joint and to the 
bone on each side of the joint. The 
Omo-hyoid leaves the Sterno-hyoid ab- 
ruptly below the level of the cricoid 
cartilage, passes deep to the Stemo- 
mastoid, crosses the posterior triangle, and 
reaches the upper border of the scapula 
beside the notch. Later, these two mus- 
cles and their fellows of*the opposite side 
will be seen to lie within a common sheet 
of fascia which passes in front of the 
larynx and trachea, and which is attached 



Fxo. 668. The infrahyoid muscles and their 
nerves. 

to the carotid sheath laterally, and to 
the back of the manubrium, and clavicle, 
inferiorly. The Omo-hyoid, like the Di- 
gastric, has two bellies, l^hey are united 
below the level of the cricoid cartilage by 
anintermediate tendon and are held' down 
by a sling derived from the fascia just 
mentioned. Unlike the Digastric, the 
two bellies of the Omo-hyoid are supplied 
the same nerve, for the inferior belly is 
an extension backwards of the su- 
perior belly. l^Tow and then it fails to 
extend farther back than the clavicle. 
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The deep layer of muscles is divided 
into a part above and a part below the 
oblique line of the thyroid cartilage, 
where both are attached. The upper 
part, the Tiiyro-iiyoid, is superficial to 
the thyro-liyoid membrane. It extends 
upwards and laterally to the adjacent 
parts of the body and greater cornu of the 
hyoid. It, tlierciore, projects lateral to 
tlie Omo-hyoid and appears in the carotid 
tria/igle. The lower part, ll)e Sterno- 
thyroid, converges on its fellow as it 
descends tintil theij: medial borders meet 
at the center of the manubrium. The 
lower attachment extends from the center 
of the manubrium to the first costal 
cartilage. 

The Cervical Viscera, oenkral re- 
marks. There* are certain important 
similarities between the abdomen and 
the front of (he neck which it is helpful 
to bear in mind. Tlius, posteriorly both 
regions are bounded by secondary flexures 
of the vertebral column, called the 
lumbar and cer\ical fl(*\ures respectively. 
To the sides of the \ertebral bodies at 
these flexures, muscles (Psoas and Lon- 
gus Cervicis respectively) aie attached 
Anteriorly, the one region extends fnan 
the lower end of the sternum to the 
symphysis pubis; the other, fiom the 
uj)pcr end of the sternum to (h(‘ mphy- 
sis menti. In the anbuior wall of the 
abdomen the Rcetus Abdominis extends 
from pubis to chest wall. It is a seg- 
.mcntal muscle, sup])lied by somatic seg- 
mental (ititcrcoslal) nervCvS and* partly 
sul)di\idcd by tendinous intersections. 
Similarly, in what may be called fhc 
anterior wall of the neck, a muscle, which 
temporarily we shall call the **Reclus 
Cervicis'\ because it is the upward con- 
tinuation the Rectus Abdominis, 
extends fr55n chest wall to mandible. It 
likewise is a segmental muscle, supplied 
by somatic segmental (C. 1, 2, and ?) 


nerves, and subdivided by tendinous in- 
tersections. The ^‘Rectus Cervicis'' has 
acquired attachments to the thyroid 
cartilage and to <the hyoid bone. Its 
infra-hyoid parts are the Sterno-hyoid 
and Omo-hyoid, the Sterno-thyroid and 
Thyro-hyoid, described above; its supra- 
hyoid part is the Genio-hyoid. The 
Genio-hyoid extends from the genial 
tubercle of the mandible {fig. G90) to 
the })ody of the hyoid bone {fig. 795). 

Through the abdomen run the stomach 
and the intestines; through the neck run 
the pharynx and oesophagus (wiih their 
off-shoot the larynx and trachea). These 
are but different levels of the digestive 
tube; and, in the vagus and sympathetic 
they have a common nerve supply. 
True, there is no peritoneal cavity in tlie 
neck. To liken the thyroid gland to the 
pancreas docs not strain the comparison, 
for both glands arise as hollow out- 
^ growths from the wall of tlie digestive 
tract It is to these four visceral lubes — 
pharynx and (xvsophagus, larynx and 
trachixi - and (he thyroid gland, that we 
are applying (he collective term, ^'cervical 
visct ra*\ 

It is highly desirable at this stage to 
master the following facts about “the 
cervical viscera" and to observe the at- 
tachments of the constrictors of the 
pharynx. If possible they should be 
studied both in a prepared dissection and 
in a^cross-section of the neck. 

The Pharynx, wliich is the upper end 
of the digestive and respiratory tubes, 
extends from the base of the skull to the 
level of the Gth cervical vertebra where, 
at the lower border of the cricoid car- 
tilage, it is continuous with the oe.sophngus. 
At thi^ same level the larynx is continuous 
with the trachea {fig. 6C9). The pos- 
terior wall of the trachea is applied 
throughout its entire length to the an- 
terior wall of the oesophagus. 
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A constric tor is to the pharynx what 
circular muscle is to the intestine. On 
contracting it reduces the caliber. The 
nasal, oral, and laryitgeal cavities open 
into the anterior wall of the pharynx; so, 
the constrictors are present only in the 
posterior and side walls. There are three 
constrictors, Superior^ Middle^ and In- 
ferior, Each is fan-shaped, and each is 



Fig. 669. The three Constrictors of the 
pharynx. 


attached by its narrower end or handle 
to the framework of the side wall of the 
nasal, oral, and laryngeal cavities. The 
bases of the fans of opposite sides meet 
in the median plane behind. The In- 
ferior Constrictor overlaps the Middle, 
and the Middle overlaps the Superior in 
telescope fashion; and on the side walls 
of the pharynx there are spaces above and 


below their narrow handles of origin. 
Through these spaces pass vessels, nerves, 
muscles, and the pharyngo-tympanic 
(auditory) tube. 

It is simplest to begin by placing the 
Middle Constrictor (fig. 669), The 
Middle Consiricior arises in the angle 
formed by the greater and lesser horns 
of the hyoid bone and Ihc lowest part of 
the stylo-hyoid ligament. From this its 



Fig. 070. The three carotid arteries and the 
branches of the external carotid. 

« 

libers fan out and meet those of the 
opposite side in the median plane.. The 
origin of the Inferior Constrictor extends 
from the upper border of the thyroid 
cartilage to the lower border of the 
cricoid cartilage. Between these two 
|V»ints it gains attachment (o the outer 
surface of the lamina of the thyroid 
cartilage and there assists the^ Stemo- 
.thyroid and . Thyro-hyoid to create an 
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oblique line. The presence of the Crico- 
thyroid prevents the Inferior Constrictor 
from gaining direct attachment to the 
outer surface of the cricoid cartilage; so, 
it becomes attached to the areolar cover- 
ing of the Crico-thyroid and converts it 
into a tendinous arch of origin ; just as the 
Diaphragm docs to the fascia covering the 
Psoas and Quadratus Lumborum, and 
the Levator Ani to the fascia covering 
the Obturator Intcrnus. The upper 
fibers of the Infeiior Constrictor fan out 
and mee'i those ,of the opposite side 
outside those of the Middle Constrictor. 
Its lowest fibers are horizontal and blend 
with those of the esophagus The Sv- 
perior Constrictor is continuous, for prac- 
tical purposes, with tlic Buccinator. It 
arises from the'pterygo-mandibular raphe 
and from the bone at each end of the 
raphe, namely, the lowest part of the 
posterior border of the mMial pterygoid 
lamina, and the mandible behind the 
last^ molar tooth Its diverging upper 
and lower borders are curved The 
upper one Teaches the pharyngeal tubercle 
at the center of the under surface of the 
basi-occiput ; the lower one is over- 
lapped by the Middle Constrictor 

The Thyroid Gland ( ) is wrapped 
around the froi\t nnd ‘-id(‘s nt (he tour 
cervical ^‘visceral tulies*’ I ( consists of a 
right and a left lobe connecied near tlieir 
lower poles by an isMimus, which crosses 
the (1st), 2nd, 3rd, and (4th) rings of the 
trachea. Each lobe lies on the side of 
the trachea and oesophagus, and*extends 
upwards on the side of the pharynx and 
, till arrested by the attachment 

of the Stenio-thyroid to the oblique line 
on the lamina of the thyroid cartilage. 
It intervenes between the “four vifiteeral 
tubes^* anAthe carotid sheath, and wh^n 
enlarged iteither overlaps the sheath or 
displaces it laterally (fiy, 67B). 

The Carotid Sheath, The commo& ai!fd 


internal carotid arteries, the internal 
jugular vein, and the vagus nerve extend 
from the cranial cavity to the thorax and 
in so-doing traverse the neck in some 
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Fio. 672 The thvroid gland and the carotid 
sheath, on cross section 


condensed areolar tissue called the caro* 
tid sheath (fig. 629). The arterial stem 
is medial, the vein lateral, and the vagua 
nerve posterior in the angle between 
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them. Behind the arterial stem, but out* 
side the sheath, is a smaller nerve, the 
sympathetic trunk: it likewise traverses 
the neck. In front of* the arterial stem, 
but outside the sheath, is the descen- 
dens hypoglossi nerve (fig. 668): it is 
confined to the carotid triangle. The 
sheath is applied to the side of the 
cervical viscera— < >csophagus, pharynx, 
and, thyroid gland. These relationships 
are best appreciated in a cross-section. 

The Carotid Triangle 

Tlie carotid triangle is bounded by the 
anterior border of the Stcrno-mastoid, 
the superior belly of t ho Omo-hyoid, and 
the posterior belly of the Digastric; it has 
its apex at the body of the hyoi<l bone. 
The posterior belly of the Digastric oc- 
cupies a key position in the neck and on 
that account it will bo described now at 
some length. 

The Posterior Belly of the Digas^c* 

(Jig. 674) arises from the lateral of the two 
grooves on the under aspect of the mas- 
toid bone. It is united to the anterior 
belly by an intermediate tendon which is 
held down to the junction of the body and 
cornu of the hyoid by an inverted sling of 
fascia. 

Be sure to locate on yourself its two 
bony points of attachment, and to note 
that a straight line joining them crosses 
the tip of the transverse process of, the 
atlas and passes deep to the angle of the 
jaw. This is the course taken by the 
posterior belly of the Digastric. It sepa- 
rates the carotid triangle below from the 
digastric' triangle and tfie parotid region <r 
above. 

The Stylo-hyoid ]& a portion of the pos- 
terior beUy of the Digastric that has 
moved forwards on to the root of the 
styloid process. It lies along the upper 
border of the posterior belly, splits to 
let the intermediate tendon oass thromrh 


it, and it is in&erted into the body of the 
hyoid bone. 

The posterior belly of the Digastric and 
the Stylo-hyoid, like the Platysma and 
the muscles of the face and scalp, are 
supplied by the facial nerve, and like 
them are quite superficial. The mastoid 
process and the muscles inserted into it 
conceal the origin of the posterior belly, 
and the parotid and submandibular glands 

S. NUCHAL LINE PgST. GLENOID PR 



Fio. 673. The Sterno-mastoid and the aide 
of the neck. 


overflow it from above; but only three 
structures cross it superficially. .They 
are: (1) the two main tributaries of the 
common facial vein^ (2) the great auricular 
nerve^ and (3) the cervical branch of the 
facial nerve. As these are not of great 
raportance, the posterior belly may be 
exposed freely and without risk of doing 
damage. (Figs. 6^y 628.) 

PftQfiincr dppn fn tViA nnAtArinr bellv of 
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the Digastric and thereby placing it in a 
commanding or key position are 3 great 
vessels, the last 3 cranial nerves, and the 
sympathetic trunk. In fact, all struc- 
tures in the carotid triangle that reach to 
higher levels pass deep to the posterior 
belly of the Digastric (and to tlie Stylo- 
hyoid). 

General Disposition of the Ves- 
sels ANp Nerves. The internal jug- 
ular vein, and the internal and external 
carotid arteries ascend side by side deep 
to the posterior.' belly. The vein is 
sheltered by the anterior border of the 
Sterno-mastoid and comes into view 
only when this is retracted. Nerves X, 
XI and XII, which are approximately 
equal in size, deseend together from the 
skull and separate at or just above the 
lower border of the Digastric; nerv^e XI 
passes downwards and backwards super- 
ficial (or deep) (o the internal jugular 
vein; nerve Xll curves forwards super- 
ficial to the arteries. Hoth nerves are 
solely motor and l)()lh arf» in danger 
Nerve X lies deeply and des('ends v(t(i 
cally between the great vein and tlie great 
arterial trunk. 

Identify the Nerves and Vessi ls 
IN the Carotid Triangli: in the order 
in which they are desc]if)ed ludow. 

The Nerves. The spinal part of the 
Accessory Nerve tXI), supplies the 
Stemo-mastoid ijnd Trapezius and there- 
fore courses backwards. It appears from 
under cover of tlie Digastric, between 
the internal jugular vein and 'internal 
carotid artery. It crosses the internal 
jugular vein, which separates it from 
the transverse process of the atlas, 
and disappears into the deep surface of 
the Sterno-mastoid from 1} to inches 
below th^iip of the mastoid proce^^l 
Here lymph glands surround it. The 
sterno-mastoid branch of the occipital 
artery accompanies it. 


On everting the anterior border of the 
Sterno-mastoid the accessory nerve can 
readily be found at this 1}^" to 2)'^" point, 
and traced upwards to the Digastric 
where it meets nerve XII. Commonly, 
however, (58 of 197 specimens) the nerve 
crosses behind the internal jugular vein 
and lies in contact with the transverse 
process of the atlas. 

•The Hypoglossal Nerve (J/g. 674 ) 
appears from under cover of the Digastric 
in contact with the accessory nerve or 


SympoLtKctic 
Ini*, carotid, art. 
Ext. carotid a. 
Facial art. 
Lingual ct. 
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Com. carotid a. 
Sympathetic trunk 
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Fig. 074. The jxjsterior belly of the Di- 
gastric in its key position. All strurturcs, 
except three, i>a88inK to higher levels pass deep 
to it. 

justj medial to it It is the m'ltot nerve 
to the longue, so it courses forwards. 

In embryonic life it looped dowm to a 
lower Icvi'l, but later it was dragged 
upwards in front of the ^'arterial plane** 
till the occipital branch of the external 
carotid artery arrested its upward course. 
Therefore, in the adult it is found curving 
forwards superficial to every artery it 
meets; namely, the internal carotid, ex- 
ternal carotid, and lingual arteries always, 
and commonly to the superior thyroid 
and facial arteries, but never deep to these 
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branches or they would arrest its ascent. 
It passes under cover of the posterior 
belly of the Digastric a second time and 
so enters the digastric triangle, where it 
crosses superficial to the lingual artery a 
second time. The latter separates it 
from the Middle Constrictor. Later it 
will he seen to disappear between the 
Hyoglossus and tlu* Mylohyoid. 

The hypoglossal iu‘rve is most readily 
found just above the* posterior end of the 
greater cornu of the hyoid hone, and 
from here traced l>ack\vards. When 
cleaning it keep to ils upper border lest 
you damage two branches tliat spring 
from its lower or coin er i)()rder. 

Ama (Jig. CdS). As the 

hypoglossal uorvt* is curving round the 
occipital artery it gives off its demanding 
branch, and t lie •occipital artery gives off 
its aierna-mnstoid branch. The sterno- 
inastoid branch of the occipital artery 
follows the accessory nerve to the Stei^ao* 
mastoid. The descendens hypoglossi 
nerve, which is composed of fibers picked 
up from nerve C. 1, traverses the carotid 
triangle in front of the internal and com- 
mon carotid arteries. It is cither in fr»nt 
of the carotid slu'ath or else embedded in 
the wall of the sheath. Near the inter- 
mediate tendon of the Omo-hyoid it 
joins the desccJiding branch of nerves 
C, 2 and 3 to form a loop, the ansa 
hypoglossi. This descending cervical 
nerve necessarily crosses the internal 
jugular vein: it does so cither on its me- 
dial or lateral side. 

Distribution. From the ansa hypo- 
glossi bTanches pass to each of the 3 
long infrahyoid muscles, one going to the 
upper and one to the lower part of each; 
the branch to the lower belly of the 
Omo-hyoid nins along its intermediate 
tendon. The Thyro-hyoid (i.e., the short 
infrahyoid muscle) receives a special 
branch from nerve C. 1, via the hypo- 


glossal nerve. The nerves to the four 
infrahyoid muscles, therefore, are ulti- 
mately derived from cervical segments 1, 
2, and 3. They pass between the super- 
ficial and deep layers of muscles, and enter 
them on their opposed surfaces or at their 
lateral borders. (See also p. 717.) 

The Vagus Nekve; (Jigs. 67/^, 675). 
To find the vagus, case the accessory 



nerve ^and the ^^internal jugular vein' 
laterally, and the liypoglossal nerve and 
thf internal carotid artery medially; then 
pick up the vagus or X cray}ial nerve^ 
which runs vertically in the posterior 
groove between the internal jugular vein 
and the great arterial trunk, Vithin the 
\j^rotid sheath. 

The la.< nerves to be sought are the 
t^wo terminal branches of the superior 
laryngeal brg.nch of the vagus, called the 
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internal laryngeal nerve^ which is sensory, 
and the external laryngeal nerve, which is 
mainly motor. 

The Internal Laryngeal erve is easily 
found where it pierces the thyro-hyoid 
membrane a little in front of the superior 
cornu of the thyroid cartilage, deep, of 
course, to the posterior border of the 
Thyro-hyoid. It runs along the upper 
border of, the Inferior Constrictor and is 
accompanied by the superior laryngeal 
branches of the superior thyroid artery 
and vein, which pierce with it and lie 
below it — as, from a consideration of their 
origins, would be expected. It is sensory 
to the larynx above the leyel of the vocal 
cords. It may be followed backwards 
deep to the exf. and int. carotid arteries 
to the point where the ext. laryngeal 
nerve arises. 

The External Laryngeal^ Nerve, loosely 
bound to the superior thyroid artery, 
descends obliquely between the fascia 
covering the Inferior Constrictor Jind the 
carotid sheath, (which should be ’re- 
tracted) and disappears deep to the 
Omohyoid. Later it will be followed tf> 
the Crico-thyroid or tensor muscle* of tlm 
vocal cord. 

The CricO’-thyroid is morphologically n. 
detached portion of tlie Inferior Con- 
strictor. This explains why the external 
laryngeal nerve sends twigvS to the In- 
ferior Constrictor before piercing it to 
end in the Crico-thyroid. .To get to the 
Crico-thyroid the nerve must pass deep 
to the attachment of the Stemo-thyroid 
to the oblique line on the thyroid cartilage 
— so must the superior thyroid artery. 
Indeed, the upper pole of the thyroid 
gland (depending upon its size) pushes 
the sup. thyroid sfft either nearly to or 
against thc^t. laryngeal nerve. Hen^ 
the nerve is liable to be damaged in goitre 
operations with resulting weakness qf the 
voice. . 


The Arteries (fig. 676). The arteries 
contained in the carotid triangle are 
parts of the common, internal, and ex- 
ternal carotid arteries and the stems of 
most of the six collateral branches of the 
external carotid artery. 

The Common Carotid Artery appears 
from under cover of the Omo-hyoid, 
ascends through the carotid triangle to 
the level of the upper border of the thyroid 
cartilage where it ends by dividing into 
two terminal branches of nearly equal 
size, the mtetmal and external carotid 
arteries. These two ascend side by side, 
the internal artery being postero-lateral. 
the external artery being antero-medial, 
and both pass deep to the posterior belly 
of the Digastric — the external carotid 
artery to enter the parotid gland ; the in- 
ternal caroti dartery to. pass deep to the 
parotid gland and styloid process. 

The common and internal carotid ar- 
• tellies give off no collateral branches in 
the neck ; so, it falls to the external caro- 
tid, assisted by the inferior thyroid artery, 
to supply the ^‘cervical viscera^'. 

The External Carotid Artery extends 
fr(?m \he upper border of the thyroid 
cartilage to the neck of the mandible 
where it divides into 2 terminal branches, 
the superficial temporal and (internal) 
maxillary arteries. In its short course 
before entering the parotid gland it is 
applied to the Inferior and Middle Con- 
strictors. Its 6 collateral branches radi- 
ate from it in the neighborhood of the 
posterior belly of the Digastric to reach 
the parts they supply. Of these, three 
arise from its anterior aspect close to- 
gether below the Digastric. They are the 
superior thyroid, lingual, and facdal (ex- 
ternal maxillary) arteries. Now, this is 
their order of origin because the first has 
to descend to reach the thyroid gland, the 
second has to pass forwards to reach the 
tongue, and the third has to ascend to 
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reach the face. In this mobile part of 
the body all three take sinuous courses. 
The first is applied to the Inferior Con- 
strictor, the second to the Middle Con- 
strictor, the third to the Middle and 
Superior Constrictors; this is rendered 
apparent by superimposing fig. 670 on 
on fig. 669, which are drawn to scale. 

The Superior Thyroid Artery arises at 
the bifurcation. Applied to the Inferior 



Fio. 676. The three cartoid arteries and the 
branches of the external carotid. 

Constrictor, it must pass deep to the three 
long infrahyoid muscles (“Rectus Cer- 
vicis”) in order to reach the th 3 a^oid 
gland. The upper pole of the gland 
forces this artery into the angle between 
the attachments of the Sternothyroid and 
Inferior Constrictor to the oblique line 
on the lamina of the th 3 rroid cartilage, and 
therefore against the important external 
laryngeal nerve. 


Its branches are : (a) an infrahyoid twig 
which runs below the hyoid bone; (b) a su- 
perior laryngeal branch, which pierces the 
thyro-hyoid membrane below the internal 
laryngeal nerve and supplies the larynx; 
(c) a crico-thyroid branch, which passes 
either superficial or deep to the Sterno- 
thyroid, crosses the Cripo-thyroid muscle 
and ligament, anastomoses with its fel- 
low, and sends a branch through the 
ligament into the larynx; (d) a sterno- 
mastoid branch, which fqllows the Omo- 
hyoid across the car(H|||'J|teath ^^|he 
Stemo-mastoid, and "^^ree . end 
branches. Of the latter, om ramifies on 
the lateral su^ace of the thyroid gland; 
one on the medial surface ; and one runs 
along the medial border Jbo the isthmus 
where it anastomoses with its fellow. 

The Lingual Artery, applied to the 
Middle Constrictor, loops upwards and 
forwards and, passing deep to the pos- 
terior belly of the Digastric, leaves thp 
carotid triangle, and enters the digastric 
triangle where it at once passes deep to 
the Hyoglossus. The hypoglossal nerve 
looping downwards and forwards crosses 
it superficially twice — once in the carotid 
triangle and once in the digastric triangle 
ip. 74S). 

In 20% of 211 specimens the lingual 
and facial arteries spring from a common 
linguo-facial stem. 

The Facial {External Maxillary) Artery 
steers a course for a point on the lower 
border of the jaw just in front of the * 
Masseter. It is, however, deflected from 
th^ straight path by the posterior belly 
of the Digastric, which passes deep to the 
ramus of the jaw and carries the artery 
upwards before it. Hence the 
shaped course of the artery. The Middle . 
^b^d Superior Constrictors lie medial to 
the 1st or cervical loop of the artery, the 
^up.^ Constrictor separating it from the 
tonsil (fig, 720). The Digastric, Stylo- 
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hyoid, and submandibular salivary gland 
occupy the concavity of this loop and the 
Medial Pterygoid lies laterally. Then, to 
enter the face it pierces ^the deep fascia 
of the neck and turns round the lower 
boi’df'r of the jaw. 

The hranchoH from the cervical part are : 
tonaHlar, ascemiing palatine, Qlandular 
(to the submandibular gland), and ,s?/6- 
mniial. . 

Its companion vein, the anterior facial 
vein, is not a close companion, because it 
takes a straightcr and more superficial 
course, and is separated from the artery 
by the submandibular gland, Stylo-hyoid, 
and Diga.stric {Jig, 628), , 

The Ascending Pharyngeal Artery (best 
seen when t))e pharynx is being dis- 
sected) arises from the deep aspect of the 
external carotid artery near iti; origin, 
and ascends on tluj Infcrjor, Middle, and 
Superior Constrictors as far as the base 
of the sk\ill. The internal carotid artery ♦ 
is its lateral companion. 

It supplies the pharynx^ soft palaU*, 
tube, and meninges The meningeal 
twigs trav'erse th(‘ hypoglossal, jugiilar, 
and lacerate foramina, and a tvTnpnnir 
twig follows the tymi)anic Inajich ol (he 
glosso-pharyngeal ntTve. 

The OccipUab and Posterior Auricular 
Arteries follow the lower and upper 
borders of the Diga.stric backwards, and 
therefore cross ti e internal carotid artery, 
the last three cranial nerves, and the in- 
ternal jugular vein. The mastoid then 
separates them. They end in the scalp 
and guricle. 

The occipital artery occupies the groove 
on the mastoid bone medial to the groov^e 
for the Digastric, and therefore pas.ses 
deep to the Digastric, to the mastoid 
procos.s, auM to the three muscles inser^d 
into it. It then crosses the Superior 
Oblique and Semispinalis Capitis and, 
joining the greater occipital n., pierces 


the Trapezius an inch infero-lateral to the 
inion and ends in the scalp. 

A slerno-mastoid branch follows the ac- 
cessory nerve to the Sterno-mastoid. 
Meningeal twigs pass through the mas- 
toid and parietal foramina. A descend- 
trig l}rancfi anastomoses on both surfaces 
of the 8cmis])inalis Capitis with the' trans- 
verse and deep cervical arteries. 

The posterior auricular artery generally 
arises at or above the upper border of the 
Digastric, that is, within the parotid 
region. It follows this border to the 
mastoid l)one, crosses it superlicially, and 
then ascends behind the auricle to the 
scalp. As it crosses the mastoid, it lies 
doc}) to the Auricularis Posterior and in 
company with the posterior auricular 
bran(‘h of the fa(*ial nerve. 

Its branches, in addition to the obvious 
ones to the muscles, parotid, and scalp, 
are two of importance: (1 ) the stylo- 
mastoid branch, which follows the facial 
nerve through the facial canal to anas- 
tomose will] the petrosal l)ranch of the 
nii(ldl(‘ mt*ningeal artery (and witli the 
other art, ones to the (^ar from the int. 
auditory, int. carotid, and int. maxillary, 
and asiauiding })haryng(axl arteries), and 
(2) auricular branches, which supply 
the medial surface of the auricle and, by 
piercing the cartilage of the ear or turning 
round the helix, anastomose with branches 
of rtho .su[)crficial temporal artery and 
supply the lateral surface. 

The Veins {figs. 628, 7tl), The su- 
perior thyroid, lingual, and anterior facial 
(the companion of the facial artery) 
veins a.s well as a middle thyroid 'vein cross 
superficial to tlie carotid arteries and 
end in the internal jugular vein. The 
anterior facial vein docs so at the level 
of the hyoid bone after being joined by 
a branch of the posterior facial vein 
to form the common facial vein. The 
pharyngeal plexus is drained by several 



THE HEAD AND NECK 


663 


pharyngeal veins which enter the internal 
jugular vein both above and below the 
Digastric. The occipital vein partly ends 
in the internal jugular vein and partly 
in the posterior vertebral plexus. The 
posterior auricular vein joins a branch of 
the posterior facial vein to form the 
external jugular vein (fig. 71 1 ). 

Axiom, (a) Arteries running poster- 
iorly cross superficial to the internal 
jugular vein: viz., the sterno-mastoid 
branch of the superior thyroid and of 
the occipital artery, and the occipital and 


ing from the styloid process to the poster- 
ior border of the ramus of the mandible, 
and hence called the stylo-mandibular 
ligament, separates it from the parotid 
region behind. 

For practical purposes the triangle may 
be regarded as extending upwards deep 
to the body of the jaw as far as the origin 
of the Mylo-hyoid and, behind this, deep 
to the insertion of the Media), Pterygoid 
into the ramus of the jaw. This upward 
extension of the digastric triangle is 
knowm as the mbmandihutar region. 


FOR: 
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SPLEN. CAP- 
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Fig. 677. The floor of the digastric triangle. 


the posteri(jf auricular arteries, (b) 
Veins running posteriorly cross superficial 
to the great arteries: viz., the anterior 
iugulai|r middle thyroid, superior thy- 
roid, lingual, and common facial veins. 

, The Digastric Triangle 

The Boundaries of the digastric triangle 
are the two bellies ofilie Digastric and 
the lower border of^^e jaw\ The an- 
terior belly separates, tl^is triangle from 
the submental trian^e^, the posterior 
belly separates it from*^Ae carotid tri- 
angle; and a broad band off^ia, stretch- 


The Floor of the triangle is formed by 
portions of 3 flat miiscles — Mylohyoid, 
Hyoglossus, and Middle Constrictor — ^which 
lie on successively deeper planes (Jig.' 
677). ’ 

The Mylohyoid arises from the mylo- 
hyoid line, which extends diagonally 
across the entire length of the medial 
surface of the body of the jaw. This line 
begins at the symphysis, between the 
^^gastric fossa and the genial tubercle, 
and ends below the third molar tooth. 
It is all but continuous with a ridge of 
l}one that strengthens the coronoid process 
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(Jig. 690). The mylohyoid line separates 
the fossa for the sublingual salivary gland 
antero-superiorly from the fossa for the 
submandibular salivary gland postero- 
inferiorly. The fibers of the Mylohyoid 
run infero-rnedially to be attached to the 
body of tlic hyoid ))one and to a median 
iai)h4 that extends from the hyoid bone 
to the symphysis inenti. It thus con- 
stitutes witli its fellov a diaphragma 
oris. Its posterior border is oblique and 
fr(‘e. 

The II yogloanuti » irises from the whole 
length of the greater cornu of the hyoid 
(an<l slightly from its body). Its fibers 
run upwards and forwards to be attached 
to the side of the tongue where they 
ini(‘rdigitate with fibers of the Stylo- 
glossus. It is rhom})oidal with free 
anterior and posterior borders. It is 
overlapped by the Mjdoliyoid, and in 
turn it overlaps tlu* Middle Constrictor 

The Middle Constiidor has an angiilai 
origyi from the whole length of thegreatei 
cornu, lesser cornu, and lowej^t part of tin* 
styloh^'oid'lig deep to the Hyoglossu*- 

Tuf. CoMTON'Ts. (////, s. (j 7S, (i02) ol 
the* digastric triangle are (J ) the siib 
mandibular salivary and l.^mph gland.'-, 
(2) the nerve to the iMylohyoid and 
anterior belly ol.the Digastric, (Hj the 
h3q30glossaI nerve, (4) the lingual and (5) 
facial arteries, and (Gj (he anterior facial 
vein. , 

The Submandibular Gland occupies a 
•V-shaped pocket of deep cervical fascia. 
This fascia splits below to enclose the 
gland ; the superficial layer ascends to the 
lower border of the jaw; the deep layer 
covers the floor of the region and ascends 
to the mylohyoid line. The pocket is, 
therefore, plosed above by the medial 
surface oftdho jaw. The gland fills tljat' 
triangle to overflowing. Thus: It con- 
ceals parts of the Mylohyoid, Ilyoglossus, 
Middle Constrictoi-, and both bellies of 


the Digastric. It extends backwards to 
the parotid salivary gland, only the stylo- 
mandibular ligament intervening. It ex- 
tends upwards between the body of the 
jaw and the Mylohyoid, and between the 
insertion of the Medial Pterygoid and the 
Superior Constrictor. Lat^r it will be 
seen to send a process round the" free 
posterior border of the Mylohyoid along 
the floor of the mouth as far as the sub- 
lingual salivary gland. The posterior 
free edge of the Mylohyoid may, indeed, 
be said to indent the gland and so to 
divide it into a superficial and a deep part, 
precisely as the free lateral edge of the 
Levator Palpobrae indents and divides 
the lacrimal gland into superficial and 
deep parts. 

The Anterior Facial Vein crosses super- 
ficial to the submandibular gland. When 
the lower border of the gland is raised and 
the intermediate tendon of the Digastric 
pulled either up or dow^i, the hypoglossal 
tieri'e can be traf‘ed foiwards superficial 
to the lingual arterj^ and across the 
Ilyoglossus to the posterior border of the 
Mylohyoid, deep to which it disappears. 
And, the lingual artery can be traced for- 
wards i>n the Middle C'on.strictor to the 
posterior border of the Hyogiossus deep to 
which it disappears. When the anterior 
of the gland is raised and drawn 
wards the branch of the inferior den- 
tal (alveolar) nerve to the Mylohyo^ld BXid 
anterior belly of the Digastric is seen, 
accompanied by the submental branch of 
the facial artery. It may be ’ traced 
backwards on the inner surface of the 
jaw to the interval between the anterior 
free, border of the Medial Pterygoid and 
the ramus, and forwards to the two 
muscles in which it ends. 

When 1ht‘ anterior fueial vein ia freed from 
the superficial surface of the submandibular 
gland, aifd the facial artery from the deep sur- 
face, the superficial or cervical part of the gland 
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can be severed from the deep or oral part and 
from the duct and removed. An excellent 
view of the rcRion is then olitained . 

The Facial {Ext \naxiUary) Artery. 
The sinuous course taken by the facial 
artery is seen to be due to the fact that 
the Digastric, Stylo-hyoid, and sub- 
mandibular gland, all 3 of which sepa- 

rate the artery from the anterior facial 

vein, drag it upwards between the 

Medial Pterygoid and the region of the 
tonsil bed (fig. 730). 


NERVES MUSCLES 



In the neck the branches of the facial 
artery are : submental, glandular, ascend- 
ing palatine, and tonsillar. 

The submental artery follows the end 
portion of the mylohyoid nerve, sends 
twigs through the Mylohyoid to the floor 
of the mouth, and then turns around 
lower border of the jaw and ends in the 
lower lip. 

Glandular branches supply the sub- 
mandibular salivary gland. 

The ascending 'palatine and tonsiUarr^ 
branches arise at the summit of the bend 


and, after passing one on each side of the 
Styloglossus, ascend on the Superior Con- 
strictor; the tonsillar branches pierce the 
S. Constrictor; the ascending palatine 
branch turns over the upper border of the 
S. Constrictor and descends with the 
Levator Palati to supply the pharynx, 
soft palate, and tonsil bed. 

To Display the Side op the Tongue 
(figs. 678, 723). It requires ^Jiill and a 
sharp knife to display at a higher level 
(a) the insertion of the Styloglossus 
interlocking^ with the •Hyoglossus at the 
upper limit of the space, and (b) the 
glosso-pharyngeal (IX) nerve following 
the upper boijier of the M. Constrictor 
and disappearing deep to the Hyoglossus 
above the lingual artery; and (c) to 
sever the Hyoglossus from the greater 
horn in order to display the 2nd part of 
the lingual artery. This artery crosses the 
origin of the Middle Constrictor, the 
stylo-hyoid ligament, and the Genio: 
glossus, and sends one or two twigs (dor- 
sales linguaa arteries) to the dorsum of 
the tongue and tonsil region. These will 
be considered when the inside of the 
mouth and pharynx are studied (p. 74S). 

Parts seen to better advantage from 
the inside of the mouth may be exposed on 
one side now. 

Thus, cut the inverted sling of fascia that 
holds down the intermediate tendon of the 
Digastric; detach the St 3 ilo-hyoid from the 
hyoid; and throw • both muscles upwards. 
Detach the Mylo-hyoid from the body of the . 
hyoid an4 from its fellow at the median raph^ 
and throw it upwards. 

The hypoglossal and lingual nerves with 
the submandibular duct between them are 
displayed crossing the Hyoglo^us, and 
the 3rd part of the lingual artery is seen 
A^nding at its free anterior border. 

The Genio-hyoid is displayed inserted 
into the body of the hyoid almost in con- 
tinuity with the StemO-hyoid aid Omo- 
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hyoid, but it is twice as thick as they are, 
and it tapers as it ascends, in contact with 
its fellow, to be attached to the lower 
genial tubercle. Nerve XII conveys to 
it fibers from C. 1. 

Reliect the Geniohyoid and sec the liypo- 
glosHjil and lingual nerves plunging into the 
tongue {Jig. 723). . 

THE ROOT OF THE NECK 

r 

The Great Vessels. General Disposi- 
tions. The right common carotid and 
subclavian arteries arise fr^ the in- 
nominate artery behind the upper pr^rt 
of the right sterno-clavicular joint. The 
left common carotid ai^d subclavian 
arteries arise from the aortic arch, and 
after a course ,of an inch enter the neck 
by passing behind the left sterno-clavicu- 
lar joint. On both sides, two infrahyoid 
muscles intervene between the arteries 
and the joint, and on the left side there 
is the left innominate vein as well. On 
both sides, the common carotid artery 
lies in front of the subclavian artery* at 
the entrance to the neck and it ends in the 
carotid triangle at the upper border of 
the thyroid cartilage by dividing into 
two terminal branches, the internal and 
external carotid arteries.* It has no 
collateral branches. 

The Subclavian Artery over the 

cervical pleura and first rib, and it be- 
comes the axillaty ai’tery at the lower 
border of this rib. It will be recalled 
that the axillary artery passes a finger’s 
breadth medial to the tip of the coracoid. 

Surface Anatomy, A curved line run- 
ning from the sterno-clavicular joint to a 
point a finger’s breadth medial to the tip 
of the coracoid, and rising an inch above 
the clavicle, marks the course of the sub- 
clavian alifery and it may be obserxy<(j 
that it crosses the clavicle near its 
midpoint. 

The subclavian artery is divided into 


three parts — 1st, 2nd, and 3rd — by the 
Scalenus Anterior which crosses in front 
of the 2nd part and separates it from its 
vein. The* subclavian vein has only two 
parts. These correspond to the 3id and 
2n^ parts of the artery; the beginning 
of the innominate vein substitutes for 
the 1st part. The reason is that th6 sub- 
clavian vein lies within the concavity of 
its companion artery, whereas the in- 
ternal jugular vein lies lateral to its com- 
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pan ion, the common carotid artery, and 
so has to cross the 1st part of the sub- 
clavian artery in order to elTect the union 
known as the innominate vein. The 
termination of the internal jugular vein, 
then, crosses and largely conceals the 
1st part of the subclavian artery and the 
stems of the branches arising from it. 
It is, of course, legitimate to think in 
terms of the “1st part of the subclavian 
vein” and, when tributaries are under 
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consideration, it is helpful to do so; but 
we must speak and write of the “begin- 
ning of the innomin^jite vein”. 

“The Triangle of the Vertebral Artery” 
(figs. 679, 680). It will simplify further 
study of the great vessels and ofc the 
region as a whole, and it will save much 
repetition if a digression is innde in 
order to examine with care a triangle with 
the following boundaries : 

Base — 1st part of the subclavian artery; 

Lateral side— Scalenus Anterior; 

Medial side- -T.ongus Cervicis; 


uppermost part of the cervical pleura 
which rises to the neck of the 1st rib. 

The Contents are: (A) The vertebral 
artery^ which ascends near the medial 
border of the triangle (Longus Cervicis) 
from base to apex and there enters the 
foramen transversarium of vertebra C. 6. 
(B) The vertebral mn/ which de»5cend8 in 
front of the vertebral artery, croases the 
subclavian artery, and ends ‘in the in- 
nominate vein. (C) The inferior thyroid 
artery, which ascends near jthc lateral 
])ordor o^Nie triangle (Scalenus Anterior), 
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Fig. 6S0. ‘‘The triangle of the vertebral artery.* 


Apex — the anterior tubercle of the 6th 
cervical transverse process. 

In cases where the thyroid gland is en- 
larged, the Longus Orvicis is concealed. 
To obtain a view of the triangle, the com- 
mon carotid artery should be divided low 
down and thrown aside and the internal 
jugular vein should be held laterally (figs. 
702, 629). 

The Posterior Wall of the triangle de- 
scends below the neck of the 1st rib. It 
therefore includes the transverse process 
of C. 7, the anterior ramus of nerve C. 8 
which runs laterally above the neck of the 
Ist rib, the neck of the 1st rib, and the 


arches medially in front of the vertebral 
vessels and therefore falls short of the 
apex. (D) The ganglionatcd sympathetic 
trunk, which, followed downwards, usually, 
splits 4o encircle (1) first the inferior 
thyroid artery, (2) secondly the vertebral 
aiiery, and (3) thirdly the subclavian 
artery. On the sympathetic trunk there 
are these 3 ganglia: (a) in front of the 
inferior thyroid artery lies a small gan-* 
^^lion, which is a detached part of the 
hliiddle cervical ganglion; (b) in front of 
the vertebral artery lies the middle cervi- 
cal ganglion; and (c) behind the origin of 
the vertebral artery and in frpnt of the 
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anterior ramus of C. 8 is the inferior cervi- 
cal (sympathetic) ganglion. The inferior 
ganglion is large and bristling with gray 
rami communicantes and is commonly 
continuous with ganglion Th. 1 which 
rises in front of the neck to the first rib. 

Ascending in front of the triangle are: 

(a) The carotid sheath and contents. 

(b) The phrenic nerve. 

Arching in front of the triangle are: 

(c) The inferior thyroid artery. 

(d) The thoracic or right lymph duct. 

The carotid sheath and its 3 contents 

overlap the sides, base, and apex of the 
triangle, their precise positions depending 
upon the size of the thyroid gland which 
thrusts them laterally away from the 
“cervical viscei'a”. Thus, the common 
carotid artery is often forced off the Longus 
Cervicis on to the front of the vertebral 
vessels, and the internal jugular vein on 
to the front of the Scalenus Anterior. 
The vagv^ nerve descends between them. 
All three either cross 'm front of, or lit? in 
front of, the 1st part of thG subclavian 
artery. [Thus, the right and left com- 
mon carotid arteries and the left vagus 
lie in front of the respective sut)clavian 
arteries; the right and loft internal jug- 
ular veins and the right vagus rvoss in 
front of the respective subclavian arteries.] 

The phrenic nerve, after descending in 
front of the Scalenus Anterior, slips off 
the anterior border of this muscle on to 
the subclavian artery. Though, strictly 
speaking, the nerve may not be within 
the triangle its importance justifies its 
claim -to be considered with it. « 

The inferior thyroid artery and the 
thoracic (or right lymph) duct arch 
between the vertebral vessels and the 
carotid ^eath. The artery^ arch^ 
medially OTow the 6th transverse pvdic- 
ess; the duct arches laterally at the 7th 
transverse process. • 

Lakdbi^arks. The anterior tubercle of ‘ 


the transverse process of the 6th cervical 
vertebra is a deep landmark of impor- 
tance. Unlike oth/ir anterior tubercles it 
has an independent center of ossification. 
This and the absence of a tubercle on the 
7th vertebra render it unusually promi- 
nent. Events: (1) At this level lies the 
cricoid cartilage and therefore the junc- 
tion of the pharynx with esophagus, and 
of larynx with trachea. (2) Here is the 
intermediate tendon of the Omohyoid 
and therefore the boundary between the 
muscular and carotid triangles. (3) The 
common carotid artery passes in front 
of the tubercle and may be compressed 
against if. Hence, it is called the carotid 
tubercle. (4) The vertebral artery dis- 
appears into the 6th foramen trans- 
versarium and therefore passes behind 
the tubercle, (5) The' tubercle is the 
apex of “the triangle of the vertebra) 
artery'^ and the Scalenus Anterior and 
‘Longus rer\ici‘? ascend to be attached 
to it. 

The Subclavian Artery (cont^. from 
page 666). Tlie course and relations of 
the right subclavian artery and of the 
celrvical part of the left subclavian arteries 
are almost identical — ^but not quite. 

Below are cervical pleura and 1st rib. 

Behind are cervical pleura and the in- 
sertion of the Scalenus Medius into the 
1st rib, but the lowest trunk (C. 8 and 
Th.«l ) of the brachial plexus grooves the 
Ist rib and therefore intervenes. 

Antero-inferiorly is the subclavian vein 
and its continuation, — ^i.e., the beginning 
of the innominate vein — ^the phrenic, 
vagus, certain cardiac nerves, 'and the 
ansa subclavii intervening. 

Anterior Relations, The 1st part of 
the subclavian artery lies medial to the 
Scalenus Anterior and is covered an- 
teriorly not only by Sternomastoid, 
sternal end of the clavicle, trans- 
verse part of the anterior jugular vein 



THB HEAD AND NECK 


m 


which runs just above the clavicle, Sterno- 
hyoid and Sternothyroid, but also deep 
to these by the internal jugular vein 
which is accompanies by the phrenic 
nerve (postero-laterally), vertebral vein 
(posteriorly), and vagus nerve (postero- 
medially). 

The right phrenic nerve tends to cling 
to the anterior border of the Scalenus 
Anterior. For embryological reasons, the 
right recurrent laryngeal nerve arises from 
the vagus while it is crossing the sub- 
clavian artery and it recui*s below and 
behind the artery. The left vagus nerve 
descends into the thorax in the angle be- 
tween the left subclavian and left common 
carotid arteries. On the left side the 
thoracic duct^ on the right side the right 
lymph duct, are inunediate anterior rela- 
tions. On both Mes a thread, the ansa 
subdavii, which connects the middle with 
the inferior cervical sympathetic ganglion, 
loops in front, below, and behind the* 
artery. Cardiac branches of the vagus 
and sympathetic cross both in front of the 
artery and behind it. 

The 2nd part is separated from its vein 
by the Scalenus Anterior. * 

The 3rd part is described on page 595. 

Branches. The branches of the sub- 
clavian artery generally arise from the 
1st part only; so, at their origin they are 
concealed by the internal jugular or the 
innominate vein; and the cervical pWiira 
lies behind them. They are named: 

1. Vertebral. 

2. Thyro-cervical trunk: 

Inferior thyroid, 
ascending cervical, 
oesophageal and tracheal, 
pharyngeal and laryngeal, 
thyroid. 

Transverse cervical. 

Suprascapular. 

3. Internal mammary. 


4. Costo-cervical trunk: 

Deep cervical. 

Superior intercostal. 

1st posterior intercostal. 

2nd posterior intercostal. 

The Vertebral Artery ascends vertically 
along the lateral border of the Longus 
Cervicis to the level oT the cricoid car- 
tilageand there, in the angle between the 
Scalenus Anterior and Longus Cervicis, 
enters the foramen transversarium of the 
sixth cervical vertebra^ In frchit lies the 
carotid sheath, but crossing between it 
and the sheath are the thoracic (or right 
l3miph) duct and the inferior thyroid 
artery. Behind are pleura up to the neck 
of the 1st rib, inferior cervical ganglion, 
anterior nerve ramus 0. 8, and the 
seventh cervical transverse process. 
Gray rami commiinicantes from the in- 
ferior cervical* ganglion to nerves C. 4, 
6, and 6 and to the cerebral vessels ac- 
company it into the foramen. 

The two vertebral and two internal 
carotid arteries alone convey blood to 
the brain. 

The Thyro-cervical Trunk arises from 
the subclavian artery between the vagus 
and phrenic perves. The trunk has no 
length but at once ends as three branches. 
Of these, (a) and (b) the Suprascapular 
and Transverse Cervical Arteries run later- 
ally across the Scalenuj} Anterior to the 
posterior triangle and “clamp down’’ the 
phrenic nerve — prevortebral fascia in- 
tervenirfg. The suprascapular artery, 
being the lower, courses behind the clavi- 
cle' the transverse cervical artery courses 
behind the Stemo-mastoid. 

(c ) The Inferior Thyroid A rtery takes an 
S-shaped course. It ascends first along 
medial border of the Scalenus An- 
terior, then arches horizontally between 
vertebral vessels and carotid sheath 
.(therefore below the carotid tubercle) and 
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either through, in front of, or behind the 
sympathetic trunk. It then descends to- 
wards the lower pole of the thyroid gland 
where it breaks up into an upper and a 
lower glandular branch. Later the re- 
current nerve will be seen to pas-s either 
behind, between, or in front of the glandu- 
lar branches 

The artery supplier the thyroid and 
j>arathyrcpd glands and sends branches 
to the trachea and oesoi)hagus, pharynx 
and larynx. It is therefore a vis(*eral 
artery. The laryngeal branch follows the 
recurrent nerve into the pharynx. It has 
also a large muscular branch, the ascend- 
ing cervical arlerij, which arises at or near 
the summit of the and ascends on 
the Scalenus Anterior m'^dial to the* 
phrenic nenwe and is apt to be mistaken 
for it. 

The Internal Mavimar)^ Artery arises 
opposite the tliyro-corvical trunk, de- 
scends on the pleura behind the sub- 
clavian vein, and is crossed either in froni 
or behind by the pluenic ner\e. 

The Coko-cervical Tnnik aris<*s at or 
behind the border of the Scahnius An 
terlor, eur\es over the cer\iccil pleura to 
the neck of the 1st lib, and (hen- dm le^ 
into two branches: (a) Tin' </<#/; rervical 
branch passes backwaid^ lunucfni the 
neck of the 1st rib and the 7th cervical 
transverse proc(‘ss, and atia'-lomoses with 
the descending branch of the occit)ital 
artery, (b) The superior inhrco^lal 
branch descends between the sympathetic 
trunk medially and the branch from Th. 1 
to the brachial plexus laterally, crosses in 
front of the necks of the 1st and 2nd ribs 
and supplies posterior intercostal arteries 
to tlie Kt and 2nd intercostal spaces. 

Veins {fig. 681). The blood delivered 
by the 4b<^i ches of the subclavian arte^ 
mostly returns to the innominate vein 
which substitutes for the 1st part of the 
subclavian vein. The vertebral and the. 


internal mammary veins return directly. 
There are no thyro-cervical and costo- 
ccrvical venous trunks; but the veins 
corresponding to the five primary 
branches of the thyro-cervical and costo- 
cervical arterial trunks (see list, p. G69) 
behave thus: The inferior thyroid veins 
descend in frtmt of the trachea to the 
innominate veins. The transverse cervical 
and suprascapidar veins open into the 
external jugular vein, iind so to the 3rd 
part of the subclavian vein. This is in 
keeping with the fact mentioned above {p. 
UD/J) namely, that the corresponding ar- 


S-SCAP. TR.CERV. A5C.CERV. I-THYR. 



teries may arise Ij-om the 3rd part of the 
subclavian arlei \ . The deep cervical vein, 
th(3 vein j rum the I si intercostal space, and 
also,, the ascending cervical vein are picked 
up by the V('rL('bral vein before it crosses 
the subclavian aitery fo end in the in- 
iiomiiiate vein, {See also fig. 711.) 

The internal jugular and subclavian 
veins each possess one double cusped 
valv^e. The internal jugular valve ex- 
tends a finger’s breadth or less above the 
clavicle. Below that there is a dilatation 
called the inferior jugular bulb. The 
subclavian valve is placed near the 
junction with the axillary vein. 

The Phrenic Nerve arises from the 
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anterior ramus of C. 4 and rcrei\cs twigs 
from C. 3 and C. 5 and gray rami com- 
municantes. It starts deep to the pre- 
vertebral fascia {fig,'' 629) and, as its 
destination is the diaphragm, it has no 
vertically in naked contact with the 
obliquely placed Scalenus Anterior, cross- 
ing it from posterior to anterior border. 
It then crosses in front of the 1st part of 
the subclavian artery and enters the 
thorax by crossing the internal mammary 
artery (in front or behind). Tliereafter, 
it descends on the pleura. (The right 
phrenic nerve commonly remains on the 
Scalenus Anterior until the subclavian 
artery is passed.) 

In front of the phrenic nerve, but sepa- 
rated from it by the prevertcbral fascia, 
are (1 ) tlie transverse cervical and supra- 
scapular artericKS, ^^llich clamp it down 
and prevent it from being confused with 
the vagus; (2) the end of the thoracic (or 
right lymph) duct; and (3) the interpalt 
jugular vein and the junction of the sub- 
clavian and innominate veins which 
largely cover it. 

(Thoracic course, see p. oCKi.) 

It is the sole motor nerve to its own 
half of the diaphragm {fig, 308 ) : the 
fibers from (\ 3 supply the anterior part, 
those from C. 4 the intermediate part, and 
those from C. 5 the hinder part. It also 
convoys sensory fibers to the central part 
of the diaphragm, the mediastinal pl(jura, 
and the pericardium, and it sends twigs 
to the i. V. cava, adrenal gland, and 
hepatic plexus. 

Variations, The phrenic nerve rarely 
passes in front of the subcla\ian vein. 
The root from C. 3 may be deri\od from 
the ansa hypoglossi. The slender branch 
from C. 5 commonly tra\ els via the nerve 
to the Subclavius and joins the phrenic 
nerve behind the 1st costal cartilage; it 
crosses in front of the subclavian vein — 
but it may cross behind it. 


The Thoracic Duct enters the neck 
on the left side of the esophagus and 
at once, at the level of the C. 7, arches 
laterally and forwards on the cervical 
pleura. It opens into the angle between 
the left internal jugular and subclavian 
veins, which lies behind the sternal end 
of the claxiclc, and is^there guarded by 
a bicu^-pid valve. Its course is simple — 
it goes behind the 3 structures^contained 
within the carotid sheath, and in front 
of *‘the plane of the subclavian artery and 
its branches^', some w all of which it 
crosses anteriorly, depending on the ex- 
tent of the arc it makes. Therefore, it 
crosses behind the vagus, which lies 
within the carotid sheath, and in front of 
the phrenic ner\ e, which is clamped down 
by the transverse cervical and supra- 
scapular arteries. 

To find the duct, you merely pull 
forwards the carotid sheath — nothing 
else — and with two paire of blunt forceps 
tease the areolar or fatty-areolar tissue 
behind the aheath for a flattened, friable 
vessel curving laterally to open into the 
angle betw^een the two veins. Its last 
half inch (i.e., beyond its last valve) may 
be distended with venous blood. 

On each side there are three lymph 
trunks, the internal jvgular, subclavian, 
and broncho-mediastinal, which open into 
the internal jugular, subclavian, and in- 
nominate veins respectively near the 
angle of union. On the left side, they 
may open into the thoracic duct; on the 
right si^e, they may unite to form a short 
stem (half-an-inch) called the right lymph 
diLCt, The fir^t two follow the veins of 
the same names; the broncho-mediastinal 
duct is formed by the union of efferents 
from the tracheo-bronchial glands and 
internal mammary glands. The 
tracheo-bronchial glands receive the 
efferents from the lungs; the internal 
mammary glands drain territory supplied 
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by the internal mammary artery, includ- 
ing the anterior abdominal wall, thoracic 
wall, mamma, mediastinum, and dia- 
phragm, also the upper surface of the 
liver via the falciform ligament. These 
vessels contain lymph; the thoracic duct 
also co/itains digested fat (chyle). 

The Th 3 n'oid Gland consists of a 
right and a left tohe, which arc pointed 
above and rounded below and are con- 
nected with each other near their lower 


Forartxcfn. 



\ 

Fig. Tht' coursi* ol :i <l<n< lupui)^ tliv- 

loid gland (From data )>v J 10 Fiazcr.) 


ends by a narrow isihmus) and, from the 
isthmus a finger-like process, ^the 
pyramidal lobe, commonly ascends near 
the median plane towards, or to, the 
hyoid bone. ‘ 

Development. The mode of develop- 
ment (Jig. 682) of the gland explains its 
relations. The thyroid gland arose as a 
median ^tgrowth of the pharynx 
tween th* anterior and posterior ruai- 
ments of the tongue. It grew downwards 
under coVer of the ‘‘Rectus Cervicjs*' (p. 


654)t behind (? through) the developing 
hyoid bone, and in front of the thyroid 
and cricoid cartilages and upper rings of 
the trachea ; and it hpread out on the sides 
of the trachea into right and left lobes in 
much the same way as a large drop of 
candle grease might trickle down a candle, 
clinging to it. The foramen cecum of the 
tongue marks its site of origin ; the P 3 rram- 
idal lobe when present indicates its course. 

Recently it has been shown that each 
lobe is in part developed as an outgrowth 
or diverticulum from the ventral portion 
of the fourth pharyngeal or branchial 
pouch (Weller) ; the superior parathyroid 
gland is developed from the dorsal por- 
tion of the same pouch. 

The isthmus ultimately crosses the (1), 
2, 3, and (4) tracheal rings; and each lobe 
expands downwards on, the side of the 
trachea, backwards on to the oesophagus, 
and upwards on to the pharynx and 
.larynx; the ui)ward expansion is, how- 
ever, arrested by the attachment of the 
Sterno-thyroid to the oblique line of the 
thyroid cartilage. The gland clings 
closely to the *‘four visceral tubes” (p. 
6Bj() and forces the carotid sheath aside. 
When large it o\^erflows laterally in front 
of the carotid sheath, and downwards 
retro-sternally in front of tlie great vessels 
and pleura. The upper pole overlies the 
Inferior Constrictor and Crico-thyroid. 

The external laryngeal branch of the 
vagus is in contact with its upper pole 
and with the superior thyroid artery in 
the angle between the attachments of the 
Inferior Constrictor and Stemo-thyroid. 
The recurrent branch of the vagus is a 
medial relation as far as the lower border 
of the Inferior Constrictor, i.e., up to the 
le\ el of the cricoid cartilage. 

The thyroid gland, like the prostate 
gland and kidney, has a capsule proper 
and a loose areolar sheath. The vessels 
ramify on and in the gland, and the para- 
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thyroid glands lie on its posterior border 
between the capsule and sheath. When 
the isthmus is divided and raised, 
each lobe is seen to» be bound to the 
crico-tracheal membrane by a dense 
fibrous or ligammtovs band. Hence, the 
gland must follow the movements of the 
trachea. Along the band accessory ar- 
terial twigs pnss from tracheal vessels to 
the gland. If the lobe is eased laterally 
and the band divided carefully, the 
recurrent nerve can be found ascending 
on the side of the trachea (just in front 
of the iracheo-oesophageal angle) to the 
back of the crico-thyroid joint where it 
disappears deep to the Inferior Constric- 
tor. The nerve lies between layers of the 
sheath and passes either in front of, 
between, or behind the branches of the 
inferior thyroid artery (Jig. 68S ) ; it sends 
twigs to the oesophagus, trachea, and 
thyroid gland. 

Structure. Small pieces of thyroid 
gland, left for several hours in 75% hydVo- 
chloric acid, dissociate into small follicles 
or vesicles which are angular, round, or 
oval with an average length of 163m (J- L- 
Jackson). The wall of each follicle con- 
sists of a single layer of low cubical cells; 
the cavity is filled with a serai-solid ma- 
terial called colloid which stores an iodine 
compound and stains red with eosin. 
The follicles are arranged in macroscopic 
clusters which are surrounded and held 
together by an areolar stroma continuous 
externally with the capsule of the gland. 
In this stroma run the larger blood ves- 
sels, lymph veasels, and nerves; in the 
reticular stroma which holds together the 
individual follicles the blood vessels and 
lymph vessels form very extensive capil- 
lary plexuses. No other organ, except 
perhaps the adrenal gland, is so vascular. 
The iodine compound is a hormone which 
is absorbed into the blood stream. 

Function. The thjrroid gland elabo- 


rates the hormone (thyroxine) which con- 
trols the rate of oxidation in the body. 
Marked hypofunction of the gland in 
childhood results in retarded skeletal 
growth, delayed epiphyseal union,, and 
arrested sexual and mental development; 
this is called cretenism. Marked hypo- 
function of the gland in adult life results 
in an oedematous condition due to an 
albuminous (mucinous) substance accu- 
mulating subcutaneously, aAd hence 
called myxoedema. Ilyperf unction in- 
creases the metabolic, rate and* the heart 
rate and is usually associated with nerv- 
ous instability and loss of weight. In the 
variety of hyperthyroidism called Graves' 
disease (exophthalmic goitre) there is 
exophthalmos. 

Vascular and Nerve Supply. Its ar- 
teries are the paired superior and inferior 
thyroid arteries, and the occasional 
median unpaired thyroidea ima. They 
anastomose freely. Of its veins^ thp su- 
perior thyroid vein follows the superior 
thyroid artery, crosses in front of the 
carotid artery to end in the internal 
jugular vein; the inferior thyroid vein (or 
veins) follows the thyroidea ima to the 
left innominate vein, and the middle 
thyroid vein^ on each side leaves the 
middle of the lateral border of the gland, 
crosses the common carotid artery to end 
in the internal jugular vein. Lymph 
vessels pass from extensive lymph plexuses 
to the deep cervical, 'pretracheal, and 
paratracheal glands. Perhaps a vessel 
pas^s directly to the right subclavian 
vein and another to the thoracic duct, 
without the intervention of a gland. 
Nerves: Sympathetic fibers leave the su- 
perior and middle cervical ganglia and are * 
relayed via the superior and inferior thy- 
'"^oid arteries and middle thyroid vein and 
vta the external and recurrent laryngeal 
nerves. 

" Anomalies. The isthmus may disap- 



674 


A METHOD OF ANATOMY 


pear; the pyramidal lobe may persist; 
ectopic lobules may occur between the 
infrahyoid muscles; the thyrof^lossal duct 
may persist and oi)en at the foramen 
cegum, or be broken up into one or more 
thyroKlossal cysts. One or both inferior 
thyroid arteries are not uncommonly 
absent 

The Parathyroid Glands {jig. 720) are 
yellowish-brown like a buml)le bee, and 
they lie along the posteiior border of the 


Structure. The gland is composed of 
cells closely packed together in clumps or 
in colds. These cell aggregations are 
separated from om} another by sinusoidal 
capillaries, and all is supported by a 
reticular framework. The cells are of 
two main types: principal and oxyphil. 
The principal cells are large and rounded 
and have (‘lear (‘ytopla&m and a vesicular 
nucleus. The oxyphil colls arc somewhat 
larger and have an oxyphilic cytoplasm 



Fio. C^^3. llelation of rlj(' HMurnnt Uirviij^cal nerve to: — (1) The upper end of the trachea, 
and to (2) the bninche.s of the iMf< nor thyroid arterv; (a) cMilirely anterior in 8 of 98 ctisva; (b) 
between in 05; (p) entin l\ powti in»r in 25. (3) The infr, thyroid a. not uncommonly divides 

early — before crossing the comiinm carotid a 


thyroid gland between its capsule and 
sheath. There are two glands on each 
side, an upper and a lower. The upper 
gland is elongated (0 mm.) and occupies 
a crack near the middle of the posterior 
border of the thyroid gland. The lower 
gland is flat and circular (5 mm.) and 
lies near the lower pole. A branch of thp 
inferior lliyroid artery supplies bdcli 
glands, and twigs from the nerves to the 
thyroid enter them. 


and a small compact nucleus; those cells 
too are in clumps but they do not appear 
until about the age of ten. 

Function. The gland elaborates a 
hormone which controls the blood-cal- 
cium level. By analogy it may be said 
to act towards calcium much as haemo- 
globin acts towards oxygon, the para- 
thyroid hormone in the circulating blood 
allowing the blood to take up more cal- 
cium than it otherwise could for distri- 
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bution to the tissues of the body. Re- 
moval of the parathyroid glands, or ‘even 
a sufficiently low calcium diet, results in 
tetany, a condition characterised by sym- 
metrical and painful spasms of the 
muscles of the extremities. This can be 
relieved immediately by injections of cal- 
cium in readily ionizable form. Hyper- 
parathyroidism can be produced experi- 
mentally by injections of the hormone 
and it is encountered clinically in cases 
of parathyroid t\imour. In this condi- 
tion the blood attracts calcium with such 
avidity that calcium is drained from the 
bones - particularly from the trabeculae 
in the motaph 3 \ses of growing bones. 
The rcsorbed bone being rei)laced by soft 
connective tissue, fractures are common. 

Deuflopmmt. 'The inferior gland, like 
the thymus, is developed from the third 
pharyngeal pouch and it follows the 
thymus to a lower level than the su- 
perior gland which, like the lobe of the 
thyroid gland, is developed from the 
fourth pouch. Ifence, the inferior gland 
is sometimes called the parat hymns, the 
upper, the parathyroid. The lower gland 
may follow the thymus gland for some 
distance below' the thyroid gland - in 
man its position is quite variable. 

The Trachea and Oesophagus begin 
where the larynx and pharynx end, which 
is at the cricoid cartilage in front of the 
sixth cervical vertebra, six inches from 
the incisor teeth. The trachea ends at 
the level of the sternal angle. If you 
measure from cricoid cartil.^gc to sternal 
angle you wdll find the distance is 4^"; 
this is the length of the trachea. The 
trachea occupies the median plane, except 
below where the aortic arch deflects it to 
the right. Behind it lies the oesophagus, 
but between the two there is enough 
areolar tissue to allow each to dilate and 
contract independently, cf., the bladder 
and rectum. Behind the cervical part of 


the oesophagus is the vertebral column, 
separated only by prcvertebral fascia and 
the Longus Cervieis muscles. The fifteen 
or so C-shaped rings that keep the lumen 
of the tracliea paten( are absent behind 
where it is applied to the anterior wall of 
the oesophagus. Its emfsido diameters in 
the cadaver are about 2" by J". In front 
of the cervical portion df tlie trachea are 
the structures in the median line of the 
neck (p. On each side isThe com- 

mon carotid artery, save where thyroid 
gland intervenes. Tl\p recurrent nerve 
ascends in (he angle between the trachea 
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Fig. CS-I. Th? trarli(‘ji and oesophagus, on 
cross-section. 


and oesophagus and supplies them with 
many twigs but it moves forw'ards on to 
the side of the upper inch of the trachea. 
The oesophagus also has the common 
carotid artery and the thyroid gland for 
lateral relations. The cervical pleura, as 
far'as the neck of the 1st rib, the thbracic 
duct on the left side as far as the 7lh C. 
vertebra, and branches of the inferior 
thyroid artery. The left border of the 
oesophagus projects beyond the trachea 
{jig, 684) and it is from this more acces- 
sible or left side that the surgeon prefers 
td approach the oesophagus. 
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THE LATERAL ASPECT OF THE 
SKULL (NORMA LATERALIS) 

Orientation. The anthropological posi- 
tion of a skull is one in which the lower 
margins of the orbital cavities and the 
upper margins of the external auditory 
meatuses lie on the same horizontal 
plane- the Frankfort plane. This is 
roughly attained by placing a 2-inch 
block und(?r the margin of the foramen 
magnum while the chin rests on the table. 
The angles of the jaw are thereby raised 
slightly from tho table; the foramen 
magnum faces downwards with a slightly 
forward inclination ; the bregma lies about 



Fig. 685. Plan of the pido of the cranium 
and face. The face is angular. The eranium 
is oval and is divided into three zones placed 
above twin depressions. 

an inch in front of the vertf‘x. l1iis ap- 
proximates the anatomical ])usition in the 
living subject in whom the optical axes 
look forwards. 

The skull has*two parts, the cranium 
or brain-case and the face or part mainly 
concerned in mastication and respiration, 
and it affords protection to the organs 
of special sense. The cranium • is 
rounded; the face is angular {fig. 686). 
The cranium is twice the size of the face; 
but at birth, before the eruption of teeth 
and develgpinent of air sinuses, the 
cranium i^ times as large as tho farfe. 

A straight line carried from the nasion 
to the tip of the mastoid process divides 


the skull into cranial and facial parts 
with fair but not perfect accuracy, be- 
cause it passes below the zygomatico- 
frontal suture anri through the neck of 
the jaw and so leaves the frontal process 
of the zygomatic bone and the condyle of 
the jaw, both of which belong to the face, 
on the cranial side of the ‘‘base” line. 

The tranium on Lateral View {fig. 
686) presents 3 approximately “concen- 
tric” ov^oid contour lines (1) the outline 
of the cranium, (2) the outline of the 
temporal fos.sa, (3) the outline of the 
squama of the temporal bone. 

The Outermost Ovoid Contour Line 
is the outline of the cranium. It occupies 
the median plane and its features are: 
nasion, glabella, bregma, veilex, lambda, 
posterior pole of the skull, inion, and fora- 
men magnum. The glabella lies above 
the nasion and between the superciliary 
arches, and is the most anterior point on 
the contour. The mion, directed down- 
wards due to the pull of the ligamentum 
nuchae, is easily palpated just below the 
Frajikfort plane*. It was formerly the 
custom to record tlic length of skulls 

in terms of tlie iiasiou inion diameter; 

at present it is usual to measure from 
the glabella to the most distant point in 
the median plane, called the posterior pole. 
It lies between the inion and the lambda. 
The lambda is 2^ inches above the inion. 
Above the level of the inion lies the cere- 
brufn, and the outline of the cranium is 
here full; beloAv lies the cerebellum, and 
the outline shelves to the foramen mag- 
num, whose center is deep to the mastoid 
process. From nasion to foramen mag- 
num the frontal, parietal, and occipital 
bones contribute nearly equally to the 
outline. From the inion the superior 
nuchal line curves laterally to the rough 
lower half and tip of the mastoid process, 
which is the drawn-out end of the line. 
To these the Trapezius and Stemo-mas- 



THE HEAD AND NECK 


677 


toid Are attached, and deep to the latter 
are the Splenius and Longissimus Capitis. 
The upper, smooth, triangular part of the 
mastoid lies behind the, external auditory 
meatus and closes the tympanic (mastoid) 
antrum laterally. Actually, this triangu- 
lar area of bone is a downward extension 
from the squama temporalis, as can be 
seen at birth before the squamo-fnastoid 
suture closes (Jig. 780 A). The remains 
of this suture are often apparent in the 
adult. 

The Innermost Ovoid Contouu Line 
is the border of the squama temporalis. 
Side by side below its middle are twin 
cavities — the external auditory meatus 
and the mandibular fossa. From the 
squama projects the zygomatic process. 
In the following respects the zygomatic 
process recalls the coracoid process of the 
scapula: in having a broad flat origin, a 
change in direction, a terminal fingerlike 
part, a tubercle for a ligament (temporo- 
mandibular or conoid) where the direction 
changes, and in partaking in a joint cavity 
(temporo-mandibular or shoulder). The 
zygonui or zygomatic process of the tem- 
poral bone articulates with the temporal 
process of the zygomatic bone, and boch 
take part in the zygomatic arch. 

The lower border of the zygomatic arch 
begins at the 2nd molar tooth and ascends 
as a buttress to the zygomatic process of 
the maxilla, separating the facial aspect 
of the skull from the infratemporal 
fossa. It then cur\'es backwards along 
the lower border of the zygomatic bone 
and zygoma to the tubercle for the 
temporo-mandibular ligament. Then, as 
the anterior root of the zygoma, it makes 
a right-angle turn medially and, ceasing 
to be free, ends as the articular eminence, 
which bounds the mandibular fossa in 
front. The anterior border of the emi- 
nence is continuous with a ragged crest, 
the infratemporal crest, on the squama 


temporalis and greater wing of the sphe- 
noid that separates the temporal {ossa 
from the infratemporal fossa. 

The Intermediate Ovoid Contour 
Line surrounds the temporal fossa and 
gives attachment to the temporal fascia. 
It comprises the following parts: the 
sharp upper border of the zygoma which, 
behind the tubercle for the temporo- 
mandibular ligament, becomes the pos- 
terior root of the zygoma, whieh passes 
above the mandibular fossa and external 



Fio. 686. The norma lateralis. (A) Supr. 
nuchal line and mastoid process. (B) External 
auditory meatus. (C) Post, glenoid tuberde. 
(D) Styloid process. (E) Mandibular fossa. 
(F) Tubercle on root of zygoma. (G) Angle of 
jaw (gonion). . (M) Upper border of the 
zygoma. (N) Posterior root of zygoma. (O) 
Supramastoid crest. (P) and (Q) Lower ,tem- 

C oral line. (R) Temporal border of zygomatic 
one. Overlies tympanic antrum. 


auditory meatus to become the supra- 
mastoid crest, which happens to lie be- 
tween the tympanic antrum below and the 
middle cranial fossa above; then, as the 
teniporal line, it passes on to the blunt 
postero-inferior angle of the parietal bone 
and curves across the external surface 
of the parietal and frontal bones to the 
zygomatic process of the frontal bone; 
thereafter it follows the angled temporal 
border of the zygomatic bone, apd so com- 
pletes the ovoid. 
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The temporal lino is double except in 
front; the outer line is for the temporal 
fascia; the inner line limits the origin 
of the temporal muscle. 

The temporal fossa is deepest at its 
antero-inferior angle, above the coronoid 
process of the jaw. Parts of the zygo- 
matic bone and great wing of the sphenoid 
form its anterioi' wall and separate it 
from the orbital cavity. The temporal 
line separ?ites it from the region of the 
scalp. The zygomatic arch and iiifra- 
temporal crest separate it from the infra- 
temporal fossa. Four bones take part 
in its medial wait and meet at a + 
or H-shaped suture called the pterion. 
The four bones are the temporal squama, 
greater wing of sphenoid, parietal, and 
frontal. The pterion is a landmark full 
of importance, overlying (a) the anterior 
branch of the middle meningeal artery 
which occupies a groove ifv canal at the 
antero-inferior angle of the pariettd bone; 
(b) the tip of the lesser wing of the 
sphenoid, and therefot'* (c) the stem*of 
the lateral cm brat fissure of Silxius, and 
therefore (d) the middle eenbral artery, 
etc. The pterion is located in the angle 
formed by placing the tliumb behind the 
frontal process of the zygomatic bone and 
two fingers above the 7ygonmti(* arch 
(Stiles) {fg. 649). 

The Styloid Regfox. The styloid 
process of the tcmj)oral bone projects 
below the external auditory meatus and 
.in front of the root of the mastoid proc- 
ess. Its lip disappears deep \o the 
ramus of the jaw well above the angle. 
The post-glenoid tubercle, large in sofae 
animals, descends from the posterior 
root of the zygoma behind the condyle 
of the jaw. The suprameatal spine lies 
behind the^uditory meatus just below» 
the supranlastoid crest. 

On account of their central positions 
and simple features the parietal bortb 


has been selected from among the cranial 
bones and the zygomatic bone from among 
the facial bones as ^‘key bones^^ worthy 
of individual treatment; and the lower 
iaw, which is the only movable bone in 
the skull, is also described in some detail. 

The Parietal Bone, paired, will be 
examined in some detail on account of its 
central position and simplicity. Its fea- 
tures are its angles and borders. It is 
classified as a flat bone, with two surfaces, 
four borders and four angles, and is 
moulded on the brain. (Figs. 686, 687,) 

Borders. Three borders are straight 
and serrated and each articulates with 
one bone: the anterior with the frontal 
bone at the parieto-frontal or coronal 
suture, the superior with the opposite 
parietal bone at the interparietal or 
sagittal suture, and the posterior with 
the occipital bone at the parieto-occipital 
or lambduid suture. The inferior border 
is concave and has the appearance of 
having been scraped away externally to 
articulate with the squama of the tem- 
poral bone which overlaps it. This, the 
parieto-squamous stdnre, is easily sprung. 

Angles. ICach of the 4 angles has a 
diiVerent shape, in relation on its medial 
surface with an important vessel, and is 
situated at a named location. The 
antero-inferior angle is acute; it has on its 
medial surface either a shallow groove, a 
deep groove with overhanging edges, or a 
canal for the anterior branch of the 
middle meningeal artery; and it rests on 
the greater wing of the sphenoid at the 
lower end of the coronal suture, at the 
region called the pterion, The.antcro- 
superior angle is a right angle, is grooved 
medially by the superior longitudinal 
sinus, and is situated at the junction of 
the coronal and sagittal sutures at a 
point called the bregma. Tlie postcro- 
superior angle i.s rounded, is also grooved 
by the superior longitudinal sinus, and is 
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situated where the lambdoid and sagittal 
sutures meet at a point called the lambda. 
The postero-inforior angle is blunt, is 
grooved medially by tile transverse sinus, 
and is situated on the mastoid bone. Its 
most posterior point lies at the lower end 
of the lambdoid suture at a point called 
the asierion. 

Surfaces. The lateral surface is con- 
vex. At the point of greatest fulness, the 
parietal eminence or protubcranccy ossifica- 
tion started and spread concentrically 
and therefore reached the 4 angles late. 



Fia. 687. The medial surface of the parietal 
bone. 

They are unossitied at birth, and owii^ to 
the pulsations transmitted by the under- 
lying brain, are called fonticuli or fon- 
tanelles (p. />89). Two lines, the upper 
and lower temporal lineSy placed ^ an 
inch apart, curve across the lateral surface 
from the postero-inferior angle to the 
anterior border, and divide the surface 
into an upper § covered b}” the scalp and 
a lo\Ver i which forms part of the tem- 
poral fossa. The temporal fascia is at- 
tached to the upper line; the temporal 
muscle reaches to the lower line. 


The medial surface is concave. 
Grooves for branches of the middle men- 
ingeal vessels ascend on it, one being 
commonly about a finger’s breadth behind 
the anterior border. A groove, being one- 
half of the sagittal sulcus, extends beside 
the superior border. It lodges the 
sagittal sinus. By its side are depressions 
for arachnoid granulations. An inch or 
two anterior to the postero-sitpgrior angle 
a foramen, the parietal foramen, transmits 
an emissary vein from the superior 
sagittal sinus to the surface veins. 

The Facial Portion of the Skulb on 
lateral view, is angular in outline, the 
apex being the point of the chin. From 
the nasion to the head (condyle) of the 
jaw the outline is formed by: the nasal 
bones; the sharp margin of the anterior 
nasal aperture formed by the nasal and 
maxillary bones and ending below in the 
anterior nasal spine of the maxillae; the 
upper alveolar process, the upper and 
lower central incisor teeth; the lower 
alveolar process; mental protuberance; 
point of the chin, lower border (base) of 
the mandible; angle of the mandible; 
posterior border of the ramus, neck and 
head of the mandible. 

A partial view of the medial wall of the 
orbital cavity is obtained, because the 
lateral margin of the orbit is half-an-inch 
behind the medial margin; hence, man has 
some lateral (or temporal) vision. 

Observe that when the teeth are in 
occlusion each upper tooth, except the 
last molar, bites on parts of two lower 
teeth. Run the edge of your thumb nail 
along the crowns of your upper teeth, 
when closed, noting that the upper dental 
arcade overlaps the lower one. 

The Zygomatic Bone or check bone 
(paired) is a flat bone shaped somewhat 
like a diamond set on end. The slightly 
convex lateral or facial surface is sepa- 
rated from the medial aspect by *4 angles 
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and 4 borders (fig, 688), The upper 
triangular half intervenes between the 
orbital cavity and the temporal fossa. 
The lower triangular half intervenes be- 
tween the facial aspect of the skull and 
the infratemporal fossa. All four angles 
and the maxillary border (really a surface) 
are articular; 3 borders arc free. Of these 
the orbital border is concave and gives 
attachmQpt to the palpebral fascia; the 
masseteric border is tubercular for the 
tendinous origin of the Masse ter; and 


reaches to the inferior orbital fissure, 
which divides it into 2 parts: the part 
medial to the fissure articulates with the 
maxilla; the part lateral to the fissure 
articulates with the greater wing of the 
sphenoid. 

The bone is traversed by a Y- or V- 
shaped canal. The stem of the -canal 
opens on to the orbital surface in front of 
the inferior orbital fissure. One limb 
opens near the center of the facial sur- 
face, the other on the temporal surface. 
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Fig. 688. The i^gomatic bonh A. 4 angles, 4 borders and lines of foree transmission. B The 
lateral surface. C. The medial aspect. 


the temporal border is angled and sharj) 
for the temporal fascia. 

The functions of the bone ;ire to help 
to anchor the maxilla, to disperse to the 
cranium the force of impacts delivered 
during mastication, and to give origin to 
the Masseter. .Its worth is well ap- 
preciated on viewing the zygomatic pro- 
cess of the maxilla from below. 

The zygomatic bone is but tlie apical 
part of the maxilla developed in mem- 
brane from a separate center (or centers) 
of ossification. Commonly the two bones 
unite in later life. The maxillary sinus 
sometimes invades the zygomatic bone. 

A prd||)8s of the zygomatic bone ex- 
tends backwards from the orbital margin 
and forms part of the lateral wall and 
flnnr nf fhp nrhit This orhiinl nroceas 


These transmit the zygomatico-faciaJ and 
zygomatieo-tornporal branches of the 
zygomatic ijpr\ e and \ essels. 

The Mandible or Lower Jaw (Jigs, 689, 
690) as a whole is shaped like a horse-shoe. 
Each half is L-shaped consisting of two 
oblong parts. The horizontal paits of the 
two sides fuse at the symphysis menti in 
the median plane during the 2nd year to 
form the body of the jaw (in most mam- 
mals, however, the bone remains paired) : 
the vertical parts of the two sides are 
the rami. 

The Borders of the Body. The 
lower border of the body is thick and 
rounded and is continuous behind on 
each side with the lower border of the 
ramus, which is thin; together these form 
the lower border or hnsa nf ihje naw^ The 
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alveolar process or upper part of the body 
carries eight teeth. The roots of the 
teeth (except the 2n^ & 3rd molars) 
cause rounded ridges on the thin front 
wall of the alveolar process, that of the 
canine being the most prominent. Me- 
dial to the canine ridge, and therefore in 
front of the roots of the incisors, is the 
incisive fossa from vvliich the Mentalis 
takes origin. 

The Ramus is aji oblong, nearly ver- 
tical, flattened plate. It is surmounted 
by two processes; a posterior articular 
one, the head or condyle, and an anterior 

HrAD OR CONDYlt 

\ HANOI BUI AR NOTCH 



Fio, <>cS9. The Intenil aspect of the mandible. 


toid process, caused by the pull of the 
Sternomastoid. It rises under shelter of 
the zygomatic arch and is triangular (or, 
rather, like a parrot^s beak, being convex 
in front and concave behind). 

The posterior and inferior borders of 
the ramus meet at the angle of the jaw. 
It is greater than a right angle, thin, 
rounded and either inverted or everted. 
Laterally it is ridged for tendinpus septa 
of the Masseter, medially for tendinous 
septa of the Medial Pterygoid. 

The Mandibular Canal, Through 
the bone runs a canal, the mandibular 
canal. Its entrance, the mandibular fora- 
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Fig. 690. The^rtiedial nepect of the mandible. 


one, the coronoid process] they are sepa- 
rated from each other- by a U-shaped 
notch, the mandibular notch. The head 
articulates with the mandibular (articu- 
lar) fossa of the temporal bone, and is 
like a } inch segment of a lead-pencil set 
horizontally but not in perfect alignment 
with its fellow, since the medial end is 
tilted backwards. It is supported by a 
neck. In front of the medial part of the 
neck there is a fossa for the insertion of 
the tendon of the Lateral Pterygoid. 
The coronoid process is a traction proc- 
ess, caused by the pull of the Temporalis, 
and is therefore comparable to the mas- 


men, lies at the centre of the medial 
surface of the ramus, above the level of 
the crowns of the molitr teeth. Guard- 
ing the foramen in front is a small, up- 
wardly , projecting tongue, the lingula, 
which gives attachment to the spbeno- 
mapdibular ligament. A narrow groove, 
the mylohyoid groove, which lodges the 
mylohyoid nerve and artery, begins be- 
hind the lingula and runs for an inch 
obliquely downwards and forwards on 
the ramus. The canal, conveying ves- 
sels and nerves to the teeth, continues 
to the symphysis menti, but it cpmihuni- 
cates with the outer surface of the body 
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at the mental foramen, situated li inches 
from the symphysis, in line between the 
bicuspid teeth, and midway between the 
lower border of the jaw and the alveolar 
border. The margins of the foramen are 
sharp, except above and laterally, be- 
cause the emerging mental nerve and 
artery are mainly distributed in these 
directions. 

The Surfaces op the Body. Ex- 
ternal. In front of the lower end of the 
symphysis menti there is a broad triangu- 
lar elevation, the menial protuberance. 
From the infero-latcral angle of this 
protuberance (mental tubercle) an in- 
definite line, the (external) oblique line, 
crosses the body diagonally upwards and 
backwards below the mental foramen to 
become continuous wnth the sharp an- 
terior border of the ramus and coronoid 
process. To this line are attached the 
Depressor Labii inferioris and Depressor 
Anguli Oris. Internal --Behind the 

middle of the symphysis there ara two 
pairs of small tubercles, thq genial tuber- 
cles (mental spine) for the origin of the 
Genio-hyoid and Gcnio-glossus. From 
below the genial tubercles another oblique 
line, the mylohyoid line, crosses tlie body 
diagonally upwards and backwards to be- 
come (nearly) continuous with a.slrcngth- 
ening buttress on the medial aspect of the 
coronoid process. To tliis line the Mylo- 
hyoid is attached. Between the mylo- 
hyoid line and the buttress the pterygo- 
mandibular ligament is attached, and 
also the (wo muscles attached to this 
ligament, namely the Superior Constric- 
tor behind and the Buccinator in front, 
the Buccinator extending forward abreast 
of the 1st molar tooth. Three fossae are 
related to the mylohyoid line: (1) the 
digastric f^a, for the attachment o^ the 
anterior belly of the Digastric, resembles 
a finger-tip impression made on model- 
ling clay, and is situated below the line,. 


at the side of the symphysis; (2) the 
sublingual fossa, for the sublingual sali- 
vary gland is above the line, and (3) the 
submandibular fossa for the submandibu- 
lar salivary gland is below it. 

THE PAROTID REGION 

The parotid region (Gk. para =-near; 
ous (otos) = the ear) is a mould lined 
with fascia and filled, not with fat, but 
with parotid salivary gland. The gland 
fills the irregularities of the mould and 
overflows its brim in front and below, and 
through the gland pass certain vessels and 
nerves. 

If you make a careful study of the 
mould you need not devote time to the 
cast which is but the counterpart of the 
mould; moreover, the form and relations 
of the i)arotld mould are more easily in- 
vestigated than those of the parotid 
gland. 

I I'he parotifl gland is invested in deep 
cervical fascia which splits to enclose it. 
The superficial layer reaches th^ zygoma; 
tl\e deep layer lines the mould and reaches 
the lower border of the tympanic plate. 
T^ie gland itself falls short of the zygoma. 

The Composition of the Parotid 
Mould {Jig. 073). Behind: the an- 
terior border of the Stemo-mastoid and 
mastoid process. In front: the posterior 
border of the ramus of the jaw and of the 
Mcflial Pterygoid and Masseter," which 
are inserted into the ramus. Here the 
gland' averflows on to the Masseter as 
the facial process. Above: the anterior 
and posterior boundaries meet below the 
post-glenoid tubercle in the cleft between 
the capsule of the (temporo-)mandibular 
joint in front and the cartilaginous and 
bony external auditory meatus behind. 
Below: the Stylo-hyoid and the posterior 
belly of the Digastric. These the gland 
overflows, thereby encroaching on the 
carotid triangle. 
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The deep part or bottom of the mould 
is formed by: (1) The styloid process and 
the three muscles that arise from it. 
They intervene betwtjon the parotid 
gland and the internal jugular vein, in- 
ternal carotid artery, and the last four 
cranial nerves. (2) The fascial lining 
adheres — according to rule — to the sty- 
loid process and to the posterior border 
of the ramus of the mandible. Between 
these two bony parts it is ballooned for- 
wards tike a sail before the wind, deep to 
the Medial Pterygoid. The lower part 
of this sheet is especially strong. It 
separates the parotid gland from the sub- 
mandibular gland, and is called the 
stylo-mandibular liqament. 

Several ronndid ridges in the mould 
cause rounded grooves in the cast. They 
are: (a) the mastpid process and Stemo- 
maatoid, (b) the posterior border of the 
ramus, (c) the Digastric, and (d) the 
styloid process. 

Several longve-like projections from the 
cast (parotid lobules) fill several crevices 
in the mould. Of these, (a) one passes 
forwards between the upper part of the 
ramus and the Medial Pterygoid; (1^ 
another passes upwards between the 
tympanic plate and the capsule of the 
temporo-mandibular joint; (c) another 
passes medially in front of the internal 
carotid artery to the Superior Constrictor; 
but (d)'the largest projection is the facial 
process. It covers the hinder part of 
the Masseter (and the temporo-m^ndibu- 
lar I g. and neck of the jaw) and is pro- 
longed above the parotid duct as the 
accessory parotid gland. 

The Parotid Duct (Stensen’s duct) 
crosses the Masseter a finger^s breadth 
below the zygomatic arch, turns at right 
angles round the anterior border of the 
Masseter, and then pierces the buccal 
fat, Buccinator, and mucous membrane 
of the cheek to open in the vestibule of 


the mouth, where its orifice, constricted 
as orifices usually are, can be seen at the 
level of the crown of the 2nd upper molar 
tooth. 

The Following RADfATE from the 
Peripheral Margin of the gland: (1) 
The superficial temporal artery and vein, 
accompanied by the auriculo-temporal 
nerve, cross the posterior root of the 
zygoma; the temporal branches of the 
facial nerve cross the zygomatic arch. 

(2) Other branches of the facial nerve 
(zygomatic, buccal, mandibular) and the 
transverse facial branch of the superficial 
temporal artery, which runs above the 
parotid duct, cross the Masseter. 

(3) The cervical branch of the facial 

nerve enters the neck just below the 
angle of the jaw. * 

(4) The posterior auricular artery and 
the posterior auricular branch of the facial 
nerve which supplies three vestigial mus- • 
cles (Occipitalis, Auricularis Posterior, 
and ^Auricularis Superior) cross the 
mastoid. ^ , 

The Structures within tHe Mould 
AND Passing through the Gland {jig. 
691) are: 

1. First, foremost, and superficial even 
to the veins is 4he facial nerve. 

2. The posterior facial yein. 

3. The external carotid artery and its 
terminal branches. 

4. Auriculo-temporal perve. 

5. Great auricular nerve. 

6. Lymph glands. 

The (Vcial Nerve (N. VII^ can be 
found with ease and rapidity provided 
the •subjoined fairly obvious facts are 
borne in mind : (a) the facial nerve makes 
its entrance into this region through the 
stylo-mastoid foramen, (b) The name of 
the foramen betrays its location — be- 
tween styloid process and mastoid proc- 
ess. (c) Only one branch of the facial 
nerve passes backwards, and *it, the 
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posterior auricular nerve, is of no im- 
portance. (d) The margin of the stylo- 
mastoid foramen is nowhere rounded 
because the stem of the nerve does not at 
once turn forwards but runs a short 
downward course before plunging into 
the posterior surface of the parotid, which 
it docs below the condyle, (e) The 
facial nerve crosses superficial to (all) the 
vessels it meets. 



Fio. 691. Exposure of the stem of the facial 
nerve. (The upper part of the parotid gland 
has been cut away^ 


Therefore, cut downwards on to the 
mastoid bone, avoiding the posterior 
auricular artery but disregarding the 
nerv6 of the same name. With <the 
^ handle of the knife ease the gland w^ell 
forwards from the mastoid process and 
stylo-mastoid foramen. The stem of 
the nerv^es between the gland and its 
sheath, s*t also will be eased forwards. 
Pick it up before it enters the gland sub- 
stance and divides into upper and loWer 


divisions; then trace the nerve through 
the gland making deep cuts radially in 
the course of the main branches. 

The posterior auricular branch and the 
branch to the posterior belly of the Di- 
gastric and Stylohyoid arise before the 
nerve enters the gland. 

At birth the child has no mastoid 

> * 

process and the stylo-mastoid foramen 
is subcutaneous; consequently, the facial 
nerve may be severed accidentally by a 
deep skill incision made behind the ear. 
As the process develops the foramen and 
stem of the nerve become covered. 

The External Carotid Artery appears 
from under cover of the Digastric and 
Stylo-hyoid, ascends through the deep 
part of the gland and under shelter of the 
posterior border of the ramus of the jaw 
to the neck where it divides into its two 
terminal branches: (1) the internal maxil- 
lary artery which, hugging the neck of the 
jaw, passes forwards into the infra- 
* teinporal region; and (2) the superficial 
temporal artery which, after giving off 
transverse facial and parotid branches, 
crosses the root of the zygoma where its 
])ulsations can be felt. The posterior 
auricular branch of the external carotid 
artery follows the upper border of the 
Digastric, sends an important branch 
into the stylo-mastoid foramen, and 
then crosses the mastoid (fig, 670). 

The Posterior Facial Fezn, formed by 
the^ junction of the superficial temporal 
and internal maxillary veins, traverses 
the gland superficial to the external 
carotid artery, divides into two branches 
which pa«5s superficial to the Pigastric 
and help to form the common facial and 
the external jugular vein (fig. 62S), 

The Aiiriculo-temporal Nerve runs lat- 
erally behind the capsule of the joint at 
the level of the neck of the jaw, and then 
ascends to^cross the posterior root of the 
zygoma. It may pierce the gland. Here 
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temporal artery pierces the fascia and 
ascends in a groove on the squamous 
temporal; the zygomatico-temporal nerve 
also pierces it. 

The Masseteric Fascia is not strong; it 
is attached to Ihe zygomatic arch and to- 
the margins of the rnmus. 

Thk TEMPOiiALiti is fan-shaped. It 
arises by flesh 3 ' fibers from the whole 
temporal fossa between the lower tem- 
poral line and the infrateni})oraI erest, 
except in front here a pad of fat sepa- 
rates it fi*om latewil wall of the bony 
orbit — and from the temporal fascia; cf., 
the origin of the (Ihiteus Rledius in figure 
400. It is onl 3 " in primates that the 
temporal arul orbital cavities are sepa- 
rated by bone; e.g., in the dog they are 
separated b}^ a membrane eontainintr 
involuntary muscle libers of Muller. Th(‘ 
insertion or handle of this fan-shaped 
muscle is necessarily tendinous; it is at- 
tached to the circumference of the 
coropoid process, which is an ‘'epiphysis’’ 
without a separate center of /)ssifica(io‘h 
The tendon neccssaril}^ begins on the su- 
perficial surface because the Hcsln^ fibers 
are ’all of approximately the same length 
and the lowest pass to the medial ^urlace 
of the coronoid process (Jig 

The Massltkr is rhoinl^oidal. It 
arises by tendinous fibeiN from the an- 
terior I of the lower border of the 
zygomatic arch, .wdiich accordingly is 
tubercular, and by fleshy fibers from the 
•medial surface of the arch and posterior 
i of the lower border, which accordingly 
are smooth. It covers the greater part 
of the lateral surface of the ramus and^'is 
inserted into it, but owing to its obliquity 
it leaves bare the capsule of the joint and 
the neck of the jaw. It has a common 
developmeHal origin with the Temporalis 
and is partly united with it. 

In order to find the vessels and nerve to 
the MassSter, insinuate a probe between 


the posterior border of the Masseter and 
the neck of the jaw and sweep it upwards 
till the vessels and nerve arrest it. 
Lea\ iiig the probe in this position, detach 
the posterior third of the muscle from the 
* zygomatic arch and note that the vessels 
reach the Masseter by crossing the 
mandibular notch below the Lateral 
Pterygoid ; the ner\ e by eros<?ing above it. 
This relationship is in keeping with the 
generalization stal ed below. 

THE INFRATEMPORAL REGION 

The infratemporal region lies below" the 
temporal fossa and deep to the ramus of 
the mandible. Without some prelimi- 
nary knowledge of the bony boundaries 
ol Iho legion the contents cannot use- 
full}" lie discu&sed The facts to appre- 
ciate are those: 

Bony Parts 693, 694)- The 

ramus of Ihe mandible forms the lateral 
%mll of the infratemporal fossa. Its 
lateral surface is described on page 681. 

Its medial sinface has near its center 
the wafulilmlar foramen. The anterior 
margin of the lorainen projects upw'ards 
and mediall}" as a small tongue, the 
lingula, and from the foramen a groove, 
the mijlohyoid groove, runs downw^ards 
and fonvards for an inch. The area 
betw"cen the groove and the angle is 
ridged for the fibrous attachment of the 
Medjal Pterygoid. The head and neck 
wdien viewed from in front or behind 
are seen to project medial to the ramus. 
In front of the neck there is a depression 
for the insertion of the Lateral Pterygoid. 

The coronoid process, which limits the 
mandibular notch anteriorly, is recurved 
and strengthened medially by a bar of 
bone. It is to the temporal muscle what 
the mastoid process is to the stemomas- 
toid muscle — the site of its tendinous 
insertion — ^and each process points in the 
direction of pull. 
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The anterior wall, medial wall, and 
roof of the fossa are seen when the 
mandible is removed. The anterior wall 
is formed by the inflated body of the 
maxilla and is of eggshell thickness. It is 
separated from the facial surface of the 
maxilla by the buttress that descends- 
from the zygomatic arch to the 2nd 
molar tooth. It is limited below by the 
2nd and 3rd molar teeth and the part of 
the alveolus behind them, called the 
tuberosity of the maxilla; above, by the 
mferior orhitnl fissure; and behind by the 
pterygchpalatine fossa. 


The Roof is flat and is formed by the 
under surface of the greater wing of the 
sphenoid. In front of the articular emi- 
nence the squamous temporal takes part 
in the roof, A ragged edge, the infra- 
temporal crest y separates the roof from the 
medial wall of the temporal fossa. The 
foramen ovale perforates the roof at the 
posterior border of the lateral pterygoid 
plate — and, the plate is the guide to the 
foramen. The foramen spinosum per- 
forates just postero-lateral to the foramen 
ovale at the root (rf the spine of the 

SpK< 2 r\o - palcxtine foramen. 
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Fic 693 The lateral wall of the infratem- 
poral fossa: i.e , tlie ramus of the jaw. 
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Fio. 694. The medial and anterior walls and 
the roof of tha infratemporal fossa. 


The Medial W all is formed by the lateral 
or muscular plate of the pterygoid process 
and is half-an-inch wide. The pterygoid 
process is a flying buttress for the support 
of the anterior wall ; accordingly, it slopes 
downwards and forwards so as to abut 
against the posterior border of the maxilla 
above the tuberosity. It assists the zygo- 
matic arch in preventing the face from 
being driven backwards under the 
cranium. The cleft above the point of 
abutment is the pterygo-palatine (pterygo- 
maxillary) fossa. It is the hiding place 
of the epheno-palatine ganglion and of the 
3rd part of the maxillary artery. 


sphenoidy which forms the medial limit of 
the mandibular fossa. The inferior 
orbital fissure opens intp the fossa at right 
angles to the pterygo-palatine fossa. 

Restore the mandible to the skull and • 
observe that a pencil pas.sed through both 
mandibular notches and aciws the base 
of* the skull encounters no obstruction 
{fig. 695). It is found £o lie at the roots 
of the lateral pterygoid plates below the 
oval foramina. 

Dissection. Complete the detachment of 
the Masseter from its origin, throw it down- 
\^ards and thereby leave bare the lateral sur- 
face of the ramus of the jaw. The ramus forms 



688 


A METHOD OF ANATOMY 


the lateral wall of this fossa, so, it must in part 
be removed. Before this is done, observe thal 
the mandibular foramen, into which the in- 
ferior dental vessels and noive pass, lies at the 
“center** of the medial burfare of Iho lamus, 
and nolo thai this point (“the eoiitcr**) lies 
above the plane of the crowns of the molar 
teeth. With a pencil, mark this point on the 
outer surface of the ramus Pass one blade of a 
pair of (lishcct iiij? forceps across the deep sur- 
face of the niinus from posterior to anteiioi 
border, amj pi ess it downwards bO that it shall 
catch on the liiiRula, which gives attnchinont to 
the vestigial spherio-inaridibular ligament .and 



Fig. 695. A pencil can be pi'-srd thiough 
both mandibulai notches 


guards the mandibular foiamcn Then, using 
the blade to protect«the deep structures, either 
(a) saw through the ramus as low as possible 
and through t he neck and coronoid process high 
up; or better (b) leaving the coridyle^nd pos- 
terior bonier of the ramus intact, cut away the 
coronoid process and front of the ramus ^ 

Contents ; 

1. The Pterygoideus Medialis. 

2. The Pterygoideus Lateralis. 

3. The D|jandibular nerve. * 

4. The^ternal) maxillary artery. 

The Medial Pterygoid is the most 

medial ^tnicture* in the region (jig.. 


69G) It arises from the medial surface 
of tlie lateral pterygoid lamina (a few 
fibcis, it is true, creep round below the 
lamina on to the niaxillary tuberosity and 
on to the tubercle of the palatine bone). 
It crosses from the medial to the lateral 
• wall of the infratemporal fossa in a down- 
ward and backward direction to be at- 
taebc‘<] to the whole of the medial surface 
of the ramus below and behind the 
mandibular foramen. 

Both the Medial Pterygoid and the 
Masseter are rhomboidal; both take 
downward and backward courses; and 
both are inserted into roughly correspond- 
ing areas on the two surfaces of the ramus. 
The difference to note is the added lateral 
direction of tlie Medial Pterygoid, because 
this affects its action. 

The LatrraL Pterygoid, has a continuous 
origin from alniO'^f the entire roof and 
medial wall of the infratemporal fossa 

you wish you may describe upi>cr and 
lower hf'ads. The fil)(‘rs converge as the> 
b-K'kwards ami laterally to be in- 
setted into the pit in front of the neck 
of the jaw and into the artieular disc. 

,1'he muscle n triangular; it has there- 
fore a tendinous insertion; it also pa.sses 
from medial to lateral wall; its lower 
border is nearly horizontal ; it copceals the 
origin of the Medial Pterygoid. The 
nerve of the region is deep to it ; the artery 
is superficial. 

Generalizalion. The maxillary artery 
enters the region in contact with the 
medial side of the neck of the jaw — i.e., 
in contact with the hindmost part of the 
lateral wall of the infratemporal fossa. 
The mandibular nerve (Vs) enters the 
region thrbugh the foramen ovale — i.e., 
through the most medial part of the roof 
of the infratemporal fossa. Now, the 
foramen ovale lies above a pencil passed 
through both mandibular notches. Ob- 
viously, therefore, it lies above and in 
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front of a line joking the necks of the jaw. 
Hence: 

(1) The nerve makes its entrance 
above, in front of, ind medial to the 
artery. 

(2) The artery makes its entrance be- 
low, behind, and lateral to the nerve. 

(3) These relative positions are main- 
tained by the stems and branches of nerve 
and artery where they accompany each 
other and where they have occasion to 
cross. 

The Mandibular Nerve (V^) is a mixed 
nerve, for added to fibers from the tri- 
geminal ganglion is the entire motor root 
of the trigeminal nerve. It enters 
through the foramen ovale, which is 


the Lateral Pterygoid, namely, motor 
branches which pass (a) directly to ite 
two Pterygoids (b) indirectly via the 
otic' ganglion to the two Tensors (Palati 
and Tympani), and (c) a sensory branch, 
which sends twigs through the foramen 
spinosum to the dura niater and through 
the bone to the mastoid air cells. 

(2) Other branches appear at the bor- 
ders of the Lateral Pterygoid or per- 
forate it. Thus: running between its 
upper border and the roof of the fossa 
are two branches to <the Temporalis and 
one to the Masseter, The latter crosses 
the mandibular notch behind the tendon 
of the Temporalis and sends a twig to the 
joint before entering the muscle. 


TABLE 20 

The Branches of the Mandibular Nerve 


lIUSCaLAR VRANCIllCa 

Temporalis and Masse ter 
Medial and Lateral Pterygoids , 

Tensores Palati and Tympani • 
Mylo-hyoid and Digastric (anterior) 

situated between the lateral pterygoid 
lamina and the foramen spinosum ajid 
therefore deep to the Lateral Pterygoid. 
It breaks up almost at once into branches 
each of which begins its career deep to the 
horizontally running Lateral Pterygoid. 
Because of the obliquity of the Medial 
Pterygoid only the descending brai^ches 
of the nerve actually cross it; but the 
nerve and all its branches are at first 
superficial to the Tensor Palati, which 
arises medial to the foramen ovale and 
fills the. gap between it and the oblique 
upper border of the Medial Pterygoid. 

Branches, The mandibular nerve is 
developmentally the nerve of the mandi- 
bular arch« It supplies the muscles of 
mastication and is sensory to the mandi- 
bular arch {fig. 696). 

(1) Certain branches remain deep to 


8£N80HT DUANCHEB 

• 

OTHER ORANCHU 

Auriculo-temporal 

Taete 

Inferior dental 

Secretory 

Lingual 

Articular 

Buccal 

1 

• 



The Buccal Branch pierces the Lateral 
Pterygoid (and usually fibers of the Tem- 
poralis as well), passes the anterior 
border of tl\e ramus, and sends many 
fibers through the Buccinator to the 
mucous membrane of the cheek and 
gums (fig. 740). 

[The facial nerve ajso has a buccal 
branch. Which, then, is motor to the 

Buccinator, the buccal l)ranch of the * 

mandibular nerve or the buccal branch 
of the facial nerve? The mandibular 
nefve is a mixed nerve; facial nerve is 
motor only. Hence, it is the buccal 
branch of the facial that supplies the Buc- ^ 
cinator. The Buccinator, therefore, be- 
'longs to the muscles of expression. As 
such it is employed to pout the lips, 
whistle, blow a bugle. It is also em- 
. ployed as an accessory muscle of masti- 
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cation. Thus, during the act of chewing, 
the Buccinator on the lateral side and the 
tongue on the medial side keep food sup- 
plied to the grinding surfaces of the teeth. 
When the facial nerve is paralyzed this 
power is lost and food accumulates be- 
tween the cheeks and the teeth.) 

The inferior dailal (alveolar) and 
linqiial nerves appear at the lower border 
of the Lateral Pterygoid and continue be- 


SPH.-PAL.FOR. (=D00R TO NOSe") 



Fio. 69G Tlie Lateral rtery^(»i(l has lM <‘n 
removed to hLow the Mod’ml Ltt-rj j^oid ar»d tlio 
orif^ins of all the branches of (he mandibular 
nerve. 

tween the Medial Pteryg(»i(l and the 
ramus of the jaw. The inferior dental 
nerve enters the mandibular foramen, 
•traverses the majpdibular canaj, and 
appears<on the face (is the mental nerve. 
While in the canal it sends twigs to the 
teetjji, including the incisors, and to flic 
gums; and just b’eforajentering the canal 
it gives off the nerve to the Mylo-hyoid 
and anterior belly of the Digastric, The^ 
latter runs i||j^the mylo-hyoid groove to 
the digastric triangle. The lingual nerve 
supplies the anterior two-thirds of the 
tongue, the floor of the mouth, and the . 


gums (fig. 741 md p. 740)] so, natr 
urally, it lies in front of the inferior dental 
nerve. It enters the mouth applied to 
the jaw and runs forwards submucously 
just below the third molar tooth. The 
chorda tympani nerve leaves the tympa- 
num through the petro-tympanic fissure, 
grooves the medial side of the spine of the 
sphoiioid, and joins the lingual nerve from 
behind, near the lower border of the 
Lateral Pterygoid. It has both afferent 
and efferent fibers: the afferent fibers are 
taste fibers and are distributed with the 
lingual nerve to the anterior § of the 
tongue; the efferent fibers are secretory 
to the submandibular and sublingual sali- 
vary glan(N, and arc relayed in the 
submandibular ganglion (figs. 678, 736, 

7 / 

M-y )• 

The Auriculo-temporaUN erve also clings 
to 1 he roof. In its course backwards, deep 
to the Lateral Pterygoid and to the 
fondyle, it splits to encircle the middle 
meniTigoal arler>’ and passes lateral to 
tlie sy)ino of the sphenoid. It then winds 
laterall}^ behind the capsule of the joint, 
crosses the posterior root of the zygoma, 
nnd accompanies the superficial temporal 
artery. It is distributed to the temporal 
region and anterior part of the auricle; to 
the skin of the meatus and outer surface 
of the ear drum (via twigs that pass 
between the bony and cartilaginous mea- 
tus), and to the jaw joint. It communi- 
cates with the stem of the facial nerve, 
and it conveys to the parotid gland 
secretory fibers derived from the otic 
ganglion. 

One could imagine a fracture of the 1 
spine of the sphenoid interfering with the r 
secretion of the parotid, submandibular, 
and sublingual glands and with taste in 
the anterior f of the tongue, because the 
spine is in contact with the auriculo- 
temporal nerve laterally and with the 
chorda tympani medially.^ 
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The (Internal) Maxillary Artery (fig- 
697) is the larger of the two terminal 
branches of the external carotid. It be- 
gins at the neck of tftc jaw, runs forwards 
in contact with the medial side of the 
neck and along and lower border of the 
Lateral Pterygoid, and ascends sinuously 
across the lateral (sometimes medial) sur* 


bone of the auditory meatus to supply the 
skin of the meatus and (outer surface of) 
the ear drum, (b) The anterior tympanic 
a. ascends behind the capsule of the joint 
and through the pctro-tympanic fissure 
into the tympanum, (c) The middle 
meningeal a, ascends medial to the Lateral 
Pterygoid and then between it and the 


Dc®p 

Acccee>ory memnqeal • tcmporoLl 
yVilcldle m<zrL\rtq<20Ll 


Ant. tympcxnic 
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Ext. carotid. 

Inf. dental (alveolar) 



6pKeno- palatine 
Infra - orbit al 


% Po5t. «>uiperior 

dental (alveolar) 


Greater palatine 


BuLCcal (Biicclnator) 


Fig. 697. The (internal) ina.\illar> artery. 


face of the Lateral Pterygoid and then 
disappears into the pterygo-palatine fossa, 
where it breaks up into its end branches. 

It is divided by the Lateral Pterygoid 

into three parts 1st, before crossing; 

2nd, crossing; 3rd, after crossing and 
therefore in the pterygo-palatine fossa. 

Bhanches. All branches of the 1st and 
3rd parts pass through foramina; the • 
branches of the 2nd part are muscular. 

From the 1st Part (a) The deep auricular 
a. follows the branch of the auriculo- 
temporal nerve between the cartilage and * 


Tensor Palati, pierced the auriculo-tcm- 
poral nerve, and passes through the 
foramen spinosum. (d) The accessory 
meningeal a. ascends between the same 
ifluscles and passes through the foramen 
ovale to supply th^ trigeminal (semilunar) 
ganglion and adjacent dura mater, (e) 
The inferior dental a. accompanies the* 
nerve of the same name and has cor- 
responding branches, including a short 
mylo-hyoid branch, and a branch accom- 
►panies the lingual nerve. 

From the 2nd Part, Muscular 
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branches to the Lateral and Medial 
Pterygoids, branches that join the nerves 
to the Temporalis and Masseter (after 
they have crossed the Lateral Pterygoid), 
and a branch that follows the buccal 
nerve. 

From the 3rd Pari. The posterior su- 
perior dental, infrg,- orbital, greater (de- 
scending) palatine, artery of the ptery- 
goid canp.1, pharyngeal, and the 
spheno-palatine arteries. These accom- 
pany branches of the maxillary nerve 
(V^) through bony c^lnals or foramina and 
will be studied later. 

The Internal Maxillary Vein. Veins 
corresponding to branches pf the artery 
form a plexus, the pterygoid plexus, which 
begins in the ptgrygo-palatine fossa and 
surrounds the pterygoid muscles It has 
important connections (a) with the caver- 
nous sinus via the foramgn ovale, (b) 
with the anterior facial vein via the deep 
facial vein, which passes with the buccal 
nerve and artery through the space 
bounded by the ramus of the jaw latcralfy 
and by the buccinator medially, and (c) 
with the pharyngeal plexus of veins. 

The plexus ends as a stem, the internal 
maxillary vein, which follows the artery 
deep to the neck of the jaw and joins the 
superficial temporal vein to form the pos- 
terior facial vein. 

The Otic Ganglion is a parasympathetic 
ganglion — a relay* station on the course 
of the secretory fibers of nerve IX (and 
’nerve VII) to the parotid gland^ The 
lesser superficial petrosal nerve brings the 
preganglionic fibers; the postganglionic 
fibers travel with the auriculo-teraporal 
nerve (figs, 713, 744)* Motor fibers from 
the mandibular nerve (via the n. to the 
Medial Ptery^id) pass through the gan- , 
glion en roiJI^ to the Tensor Palati and 
Tensor Tympani. Sympathetic fibers, 
brought by the middle meningeal artery, 
pass through the gar^on. 


The otic ganglion, about 3 mm. x 3 mm. 
in diameter, is situated below the foramen 
ovale, deep to the mandibular nerve. It 
is best seen • (i.e., with least disturbance 
to its branches) from the interior of the 
pharynx after removal of the Tensor 
Palati - 

THE MANDIBULAR OR JAW JOINT 

The Bony Parts of the mandibular joint 
are: (a) the head or condyle of the jaw 
(b) the anterior part of the mandibular 
(articular) fossa of the temporal bone. 

The posterior border of the ramus of 
the jaw expands above into a triangular 
process called the neck, the upper border 
or base of which is rounded like a roller, 
and is called the condyle or head. The 
condyle projects farther medially than 
laterally. The long axeaof the condyles 
of opposite sides are not transverse, but 
are inclined postero-medially, and would, 
tf Pfoduced, meet at the anterior border 
of the foramen magnum. In front of the 
neck is a pit for the tendon of the Lateral 
Pterygoid. 

The mandibular fossa lodges the con- 
dyke and neck of the jaw and a process of 
parotid gland. It has an anterior articu- 
lar part formed by the temporal squama 
and a posterior non-articular part formed 
by the tympanic plate. The two parts 
converge medially on the spine of the 
sphenoid, and they meet above ^t the 
squamo-tympanic fissure. The thin an- 
terior edge of the tegmen tympani can be 
seen projecting into the medial part of 
the fissure. 

The articular part of the fossa forms an 
oval socket for the condyle. It is situ- 
ated immediately behind the roof of the 
infratemporal fossa and is separated from 
it by a rounded intervening border, 
known as the articular eminence. The 
articular eminence extends from the spine 
of the sphenoid to the tubercle of the 
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zygoma. Thus, it includes the^ an- 
terior root of the zygoma. A small 
projection, the posigle^foid tubercle, deep- 
ens the posterior part of the socket 
laterally. 

The non-ariicular part of the fossa is 
formed by the tympanic plate. This* 
square plate splits below to ensheath the 
styloid process. In front of it rests some 
fatty tissue or a process of the parotid 
gland. 

The roof of the socket is translucent 
and thin ; so, a blow on the chin may frac- 
ture the middle fossa of the skull. The 
posterior wall of the fossa (tympanic 
plate) is thin and it may be dehiscent; it 


cavity into an upper and a lower compart- 
ment. It i» firmly fixed to the medial 
and lateral ends of the condyle; the 
capsule blends with its circumference and 
the tendon of the Lateral Pterygoid is 
partly inserted into its anterior margin. 

Axiom. Articular discs imply two 
types of movement, one on each side of 
the disc. It is so at the stemo-clavicular, 
wrist, and knee joints, and is sqhere also. 
In the lower cavity simply hinge move- 
ments between the condyle ^ and disc 
occur; in the upper Cavity the disc and 
condyle together glide on the articular 
eminence. The disc is occasionally 
perforated. , 


TABLE 21 


Movements of the Mandible 


«j 

DCPRim 
(open MOCTa) 

ELKVATB 

(close moutb) ! 

PHOTBACT 
(PBOTRCDB CnXN) 

RETBACT 

(withdraw chin) 

Jl . 

BIDE TO SIDE 
(ORINDINO. CUEWTNO) 

Digastric (anterior 
belly) 

Mylohyoid 
Geniohyoid 
Infrahyoid muscles 
Gravity 

Temporal 

Masseter 

M. Pterygoid 

L. Pterygoid 

• • 

• 

• * 

Temporal (postr. 
fibers) 

• 

Pterygoids of op- 
posite sides al- 
ternately 

« 

• 


would then allow pus to spread from the 
external meatus to the non-articular part 
of the fossa. 

Ligaments. The strength of the joint 
depends obviously on the bony conforma- 
tion and on muscles. The capsule is 
necessArily lax, and posteriorly ij 
necessarily attached in front of the 
squamo-tympanic fissure, because 
through this fissure passes the tympanic 
branch of the maxillary artery. It is 
thickened laterally to form a triangular 
bundle, the temporo-mandibular ligament, 
the fibers of which pass dowriwards and 
backwards from the tubercle of the 
zygoma to the posterior border of the 
neck of the jaw. An articular disc caps 
the condyle and projects forwards under 
the articular eminence, dividing the joint 


Palpation. The condyles can be pal- 
pated first by placing a finger in front 
of each tragus and then in each external 
auditory meatus, and their movements 
analyzed on opening and closing the 
mouth, on protruding and retracting the 
chin, and on performing grinding move- 
ments. 

Actions of Muscles (Table 21). 
Gravity will open the mouth; but when 
opening against resistance, one can feel 
the infrahyoid muscles coming into ac- 
tion to fix the hyoid bone and the supra- 
hyoid muscles (Geniohyoids, Mylohyoids, 
and anterior bellies of the Digastrics) 
depress the jaw. When masticating, the 
elevators obviously continue to act after 
tjie mouth is closed. Perhaps the Mas- 
seter and Medial Pterygoid 'assist in 
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protraction; and perhaps the Lateral 
Pterygoid assists in depression seeing its 
line of pull is above the axis of move- 
ment which passes through the man- 
dibular foramina. 

Relations. Latera%~subcutaneous ; 
anleriorly—macrtlon of Lateral Ptery- 
goid ; posteriorly—imotid gland, auriculo- 
temporal nerve, and superficial temporal 
vessels; ^ medially— the spine of the 
sphenoid which is crossed on its medial 
side by the chorda tympani and on its 
lateral i?ide by -the auriculo-temporal 
nerve and just in front of the spine is the 


foramen spinosum for the middle menin- 
geal' artery. 

Neuve Supply. V’ via (a) auriculo- 
temporal n. and (b) nerve to Masseter. 

Accessory Bands. (1) The spheno- 
mandibular ligammt is a vestige of 
Meckel’s cartilage (1st visceral arch). 
It extends from the spine of the sphenoid 
to the lingula of the mandible. 

(2) The stylo-mandibular ligament is a 
sheet of areolar tissue condensed between 
the parotid and submandibular glands, 
and connecting the styloid process to the 
angle of the mandible. 



CHAPTER 23 


THE CERVICAL VERTEBRAE AND posterior root is a true or morphological 
THE PRE VERTEBRAL REGION ' transverse process and, as such, it is at- 
The Cervical Vertebrae IVfan the tached to the junction of pedicle and 
giraffe, and the mouse and, indeed, all lamina and therefore is behind the (inter)- 
other mammals (the manatee and certain vertebral notch. The foramen trans- 
sloths excepted) have seven cervical versarium transmits the vertebral artery; 
vertebrae. The 1st and 2nd are peculiar; circular. It is closed laterally by 

the 3rd, 4th, 5th, and Gth arc typical; the ^ ^he costo4mnsverse'bar, which 

7th is atypical. All have one distin- a gutter on Avhich lies the anterior 

guishing feature — tlieir transverse proc- 
esses are perforated. 

A typical body is slightly elongated 
from side to side and is equal in height 
ventrally and dorsally. The upper sur- 
face resenihlos A shallow seat in having a 
raised lip at the back and sides and in 
being rounded in front. The inferior sur- 
face is the counterpart. Tfie pedicle 
arise from the middle | of the side of the 
body; so, the upper and lower (inter) 
vericbtal notches arc of equal depth, more- 
over the pedicles project laterally as 
well as backwards; so, the vertebral fOra- 
men is triangular. The laminae |are not Costolransvcrse bar 
specially noteworthy. The articular proc- ggg. A typical cervical vertebra, from 

esses are placed at the junction of the above, 
pedicles and laminae. They form a bony 

colurnn cut into oblique segments that ramus of the spinal nerve that emerges 
permit flexion and extension of the neck, from the intervertebrtfl foramen, and its 
i.e., the lower rounded facet faces down- size varies with the ramus it supports, 
wards and forwards and therefore can (The posterior ramus turns backwards in* 
glide forwards on the upper facet of the contact with the superior articular pro- 
process of the vertebra below. The cq^s.l The transverse processes are 
spinous process is short, downtumed, directed laterally and slightly downwards 
bifid, and V-shaped on cross-section, and forwards in conformity with the pull 
Thd transverse processes have two roots, a of the tendons attached to them and to , 
perforation, and two tubercles. The an- . the nerves resting on them. Muscles 
ierior root is a costal or rib element and are attached to the posterior tubercles of 
like a rib it is attached to the side of the all cervical vertebrae; but only the 3rd, 
body and therefore is in front of the 4th, 6th, and 6th have anterioi; tubercles 
(inter) vertebral notch (fig. 188). The (figs. 637, 638). 
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The 1st Cervical Vertebra supports the 
skull ; so it is called tlie atlas. It loses its 
body and acquires an anterior arch. The 
lost body becomes the dens of the axis; 
so, it rotates around its own lost body. 
It also loses its spine, at least the spine 
is reduced to a tubercle, and so does not 
inlcifere with extension ol the head 
r>/. 099). 

The atlas is a ring divided into hve 
equal arcs, \iz., the anterior arch, right 
and l(‘ft lateral masses, and a posterior 
arch comphsed of right and left halves. 
A transverse process projects from each 
ateral mass The nnicnor arch is an- 


no occasion to be strong. Further, it ia 
flattened from above downwards and 
grooved for the vertebral artery, just 
behind the lateial mass. Each lateral 
ynass has an upper and a lower weight- 
bearing facet. The upper facet articu- 
lates v\ith the occipital condyle and, 
being its counterpart, is oval and concave, 
converges anteriorly on its fellow, and is 
partly subdivided into two. The lower 
facet articulates with the corresponding 
facet on the axis, is circular, and faces 
downwards and medially. A tubercle for 
the transverse ligament of the atlas, which 
retains the dens in position, projects 
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tenor to the d(*ns and to the jilaiu' of tlu 
bodies of the other xertebqae In em- 
bryonic life the qther ccr\ i<‘al vertebrae 
possess the mesodermal torerunner of an 
anterior arch, known as Die ht/pochordal 
bow from its rclt^tionsliip to the noto- 
chord, but only in tlu* atlas docs Dus 
‘mature into a bony arch. The arch has a 
facet behind for the dens and a*piom- 
inent tubercle in front to which the 
anterior longitudinal ligament and the 
right and left Longus Cervicis muscles 
ascend; so, it is down turned. The tu~ 
bercle or reduced spine on the posterior 
arch gives a||;achment to two small ^ 
muscles onl^, the right and left Kecti 
Capitis Posteriores Minores {fig- 639 ) ; so^ 
it is uptuhied and ‘the posterior arch has 


medially lioin each mas's The transverse 
process jirojects lateially and being a 
lever that helps to rotate the atlas it is 
long — only lumbar transverse processes 
are longer Tlu* vertebral foramen at this 
most movable part of the column is 
capacious, so, the cord is not liable to 
compression. 

At examinations the student commonly 
mistakes the lower aspect of the atlas 
for the upper. 

The 2nd Cervical Vertebra or Axis is 

typical in its lower part and atypical in 
its upper. The dens, which projects from 
the upper surface of the body, ia con- 
stricted at its root where the transverse 
ligament grips it, and it haa a facet in 
Iront for the atlas. The superior articular 
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facet being weight-bearing is large, and it 
extends out from the body on to the 
transverse process and covers the foramen 
transversarium. It l?os entirely in front 
of the plane of the inferior articular 
process. Tlie transverse 'process is short 
and downtumed. The bifid spine b 
massive because large deep muscles (e.g., 
Multifidus, Semispinalis Cervicis) extend 
upwards to it- -but no further — ^thereby 
leaving the atlas free to rotate around 
the dens whilst they are extending the 
vertebral column. The vertebral arch, 
from which the massive spine springs, 
must be massive too. The vertebral 
foramen must be large where movement is 
free, lest the spinal cord be damaged 
The 7a h Ci irvn \l Vertebra or Ver- 
tebra Prominla^s lias a long nonbifid 
spino— nearly .a.*; long ns that of the first 
thoracic Its transNcrse piocesses are 
long and strong, the foramen trans\er- 
Siirium transmits •^mnll \eins and is oftei^ 
quite small 

The pimple-like swellings on the an- 
terior roots of the transverse processes of 
the atlas and axis and the pinpoint spine 
on the transverse process of C. 7 are 
homologous with anterior tubercles; so, 
the parts of the processes between these 
and the posterior tul)ercles are costo- 
transverse bars. 

Anomalies. The articular processes 
ot the occipital bone and atlas are Acca- 
5»ionalIy fused ; the axis and 3rd vertebra 
are commonly fused. 

The tip of the dens may articulate with 
the margin of the foramen magnum. 

The two sides of the p. arch of the atlas 
sometimes fail to make bony union. 

The tips of the spines are non-bifid 
in lower races and anthropoids. 

The 7th vertebra may carry cervical 
ribs— these are usually short; attached 
anteriorly by fibrous bands to the 1st 


ribs; and the subclavian arteries arch 
over them. 

The Articulated Cervical Vertebrae, 

on front view. The transverse 

processes of the cervical wtebrae are 
nearly abreast of each other and, when 
clothed with the muscles attached to the 



Fio. 701. Diagram showing the mean spread ^ 
of the transverse processes (to scale). 


esses, they present a relatively flat 
prfevertebral surface. The basioccipital 
is above the anterior arch of the atlas 
and the jugular process (i.e., the trans- ^ 
^verse process) of the occipital bone is 
above the transverse process of the atlas. 
The 1st and 7 th transverse processes 
project far beyond the 2nd-^th (fig. 701). 
All cervical transverse processes have 
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posterior tubercles, but only the 3rd, 
4th, 5th, and 6th have anterior tubercles, 
and the 6th which is the most prominent 
of these is rendered doubly prominent by 
the absence of an anterior tubercle on 
the 7 th. 

Muscles of the Region grouped accord- 
ing to their relations to the cervical and 
brachial plexuses {Jig. 702 ) : 

Muscles Medial to the Plexuses: 

(1) Rectus Capitis Anterior 

(2) Longus Cervicis 

(3) Longus Capiris 

(4) Scalenus Anterior 
Muscles Lateral to the Plexuses: 

(1) Rectus Capitis Lateralis 

(2) Scalenus Mcdiiis and Posterior 

(3) Levator Scapulae 

The Longus Cervicis extends from the 
body of (he 3rd thoracic vertebra to 
the anterior tubercle of tl^e atlas, and it 
is attached to the bodies of the vertebrae 
ip between. It sends slips to the 3rd, 
4th,,5th, and 6th anterior tubercles .and 
it receives sli|>s from them, much as the 
Quadratus Lumborum does in the lum 
bar region. It extends therefore through 
most of the superior incdLastinuni and 
neck. 

The Longus Capitis ari'^os from the 
3rd, 4th, 5th, and 6th anterior tubercles 
and ascends to the basioccipital to be 
attached behind the plane of the pharyn- 
geal tubercle. It fills the hollows be- 
tween the bodies and transverse proc- 
esses. 

The Scalenus Anterior arises from the 
3rd, 4th, 5th, and 6th anterior tubercles 
and descends to the scalene tubercle *bn 
the upper surface of the Lst rib between 
the groove for the subclavian arteiy and 
vein. 

The Rec^ Capitis Anterior covers 
the atlanto-occipital joint and extends 
from the front of the lateral mass of thp 


atlas to the occipital bone in front of its 
condyle. 

The Rectus Capitis Lateralis extends 
from the tranverse process of the atlas 
to the jugular process of the occipital 
bone. 

• The Scalenus Medius arises from all or 
most of tiu' posterior tubercles of the 
trans\crse processes and descends to the 
upper surface of the 1st rib between the 
groo\ e for the subclavian artery and the 
tubercle on the neck. The Scalenus Pos- 
terior is its most posterior part continued 
to the seoond rib behind the impression 
for tlie Serratus Anterior. 

There is an angular gap between the 
transverse proces*^ of the atlas and the 
Scalenus Medius. This gap is occupied 
by the Levator Scapulae, which arises 
from the 1st, 2nd, 3rd, aiid 4th (i)osterior) 
tubercles and helps to form the muscle 
wall of the region. 

• ^ote that (a) structures descending 
from (he jugular foramen cross in front 
of the Re(‘lu.s Caj)itis Lateralis, the trans- 
verse proces.s of the atlas, the Levator 
Seapulae, and either the T.ongiis Capitis or 
Beolenus Medius, and the Sealenus An- 
terior. (b) Well dcvelojied Intertrans- 
verse muscles connect respective anterior 
and posterior tubercles. The Rectus 
Capitis Anterior and Rectus Capitis 
Lateralis represent modified Anterior and 
Posterior intertransverse muscles, and 
the anterior ramus of C. 1 appears be- 
tween them, (e) The jugular process is 
the transverse process of the occipital 
bone, (d) The Scaicni are modified 
Intercostal muscles, and (e) the brachial 
plexus represents enlarged and modified 
lateral branches of intercostal nerves 
piercing them {fig. 88), 

The Prevertebral Fascia covers the 
prevertebral muscles and is continuous 
with the deep fascia that forms the carpet 
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for the posterior triangle of the neck (p. brachial ple^rases emerge from the 
595). It is part of a strong sleeve that vertebral colui^n deep to the fascia, and 
envelops the deep puscles of the neck, of course the brancheiVf'to the muscles 
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Fio. 702 The prevortebral muscles. The iasertod fij^ure shows synoviiel folds between the 
articular processes of atlas and axis. 


It is attached above to the base of the , described above and the phrenic nerve 
skull behind the jugular foramen and it is remain deep to it. The branches from 
lost below in front of the thoracic verte- the 2nd, 3rd, and 4th anterior rami to the 
brae. The roots of the cervical and ^accessory nerve, and from the 1st to the 
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hypoglossal nerve, and i^ra the 2nd and 
3rd to the an^a hypoglo^i must pierce 
the fascia, Mist all cutaneous branches 
namely, the'lesser occipital (2), the great 
auricular (2, 3), the anterior cutaneus 
colli (2, 3), and the supraclavicular 
(3, 4). Gray rami communicantes pass- 
ing from the sympathetic ganglia to the 
roots of the plexuses pierce the preverte- 
bral fascia^ 

The Vertebral Artery. The vertebral 
artery is described as being the first 
branch of the subclavian artery, but 
there was a vertebral artery before the 
limbs appeared and before the subclavian 
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Fio. 703. Diagram to explain on develop- 
mental grounds the zig-zag course of the verte- 
bral arteiy. 


artery existed ; so, chronologically the sub- 
clavian artery is a branch of the verte- 
bral. 

The zig-zag course taken by the verte- 
bral artery is explained thus: The 
^ intercostal and lumbar branches of the 
aorta are typical somatic intersegrmental 
arteries. Each gives off a posterior 
branch, which accompanies a posterior 
nerve ramus backwards between two 
transverse processes to supply the post- 
vertebral region (fig. 703), and en route 
it sends a spinal branch through an« 
intervertebiWToramen to be distributed 
to the vertebral body, vertebral arch, 
membranes of the. spinal cord, and the 


spinal, cord itself. In the lower regions, 
this duty is performed by the ilio-lumbar 
and lateral sacral Series; in the upper 
by the superior intercostal and vertebral 
arteries. 

. Developmen tally, the intersegmental 
arteries in the neck are united by a series 
of longitudinally anastomosing vessels, 
one lying in front of the rib element 
(precostal), one behind it (postcostal), 
and one behind the transverse process 
(post-transverse). The first part of the 
vertebral artery is a branch of the 
7th somatic intersegmental artery; the 
part ascending through tlie transverse 
processes is a postcostal longitudinal 
anastomosis; the part on the posterior 
arch of the atlas accompanying the 1st 
cervical nerve is a spinal branch. The 
vertebral arteries of opposite sides unite 
to form the basilar artery which Ls a pre- 
neural longitudinal anastomosis. 

' T^ie ascendiTig cei'vical and superior 
intercostal arteries represent precostal 
anastomoses ; the deep cervical artery 
repi*esents a post-transverse anastomosis. 

The function of the vertebral artery 
is to supply the cervical segment of the 
cord and part of the brain. 

Its branches in the neck are spinal and 
muscular, including branches to the 
suboccipital muscles. 

Variant. The artery sometimes passes 
in front of the 6th transverse process and 
enters the 5th, 4th, or 3rd foramen. 

A plexus of veins which begins in the 
suboccipital region surrounds the verte- 
bral artery in its course through the 
transverse processes, emerges as a single 
vein, the vertebral vein, from the 6th 
process and ends in the innominate vein. 

Anterior Rami of the Cervical Nerves. 
The cervical plexus is formed by the 
anterior rami of C. 1, 2, 3, 4; the brachial 
plexus by the anterior rami of C. 5, 6, 
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7, 8, and Th. 1. Ramus C. 4 sends 
a communication to ramus C. 6* and 
therefore is divided between two plexuses, 
just as L. 4 is divided l^etween the lumbar 
and sacral plexuses, and S. 4 between the 
sacral and sacro-coccygeal plexuses. 

The anterior rami of the lower 6 cer-^ 
vical nerves pass behind the vertebral 
artery, between Anterior and Posterior 
Intertransverse muscles, and appear be- 
tween the Longus Capitis or Scalenus 
Anterior in front and the Scalenus 
Medius behind {jig. 702). The courses 
of nerves C. 1 and 2 are peculiar, due to 
the absence of ‘‘true” articular processes 
at the atlanto-occipital and atlanto-axial 
joints. Thus, the posterior root ganglia 
of C. 1 and 2 lie on the posterior arch 
of the atlas and axis respectively {fig. 
6S9). Their posterior rami appear in the 
suboccipital region, one above and the 
other below the Obliquus Capitis In- 
ferior. Their anterior rami curv^ 
forwards behind the superior articular 
processes of the atlas and axis re- 
spectively; that of C. 1 then passes medial 
to the vertebral artery, appears between 
the adjacent borders of the Recti Capitis 
Anterior and Lateralis, and descends in 
front of the anterior arch of the atlas; 
that of C. 2 then passes behind the 
vertebral artery and appears between 
(Anterior) and Posterior Intertransverse 
musclcfs. The anterior rami of C.^3-6 
occupy the gutters on the 3rd, 4th, 5th, 
and 6th gargoyle-like transverse processes. 
C. 7 takes a similar course. These 
anterior rami increase in size from above 
downwards, so do the gutters in which 
they lie. The anterior rami of C. 8 and 
Th. 1 are related to the neck* of the 1st 
rib: the former runs nearly horizontally 
above it, the latter ascends obliquely 
in front of it and they meet and unite at 
the medial border of the rib to form the 


lowest trunk of the brachial plexus. 
This trunk is in part responsible for the 
groove on the 1st rib comn^^iD^y attributed 
to the subclavian arteiy*. ' ; 

The Joints between the'^Skull, Atlas 
and Axis. Five synovial joints are here 
involved, two paired and one median. 
The paired ones are between the articular 
processes of the atlas and axis and be- 
tween the superior articular process of 
the atlas and the occipital coiTdyles; the 
median unpaired one is between the dens 
and the anterior arcN of the atlas. The 
first are plain joints, the second ellip- 
soidal, the third pivotal. 

At the atlanto-occipital joints we nod 
our heads thereby indicating approval 
or the affirmative; at the atlanto-axial 
joints we shake our heads,, thereby in- 
dicating disapproval or negative. 
At the other cervical joints we flex and 
extend the neck and look sideways up. 
This last movement occurs also at the 
atlapto-occipital joints. The movenienta 
btftw'een the, skull and atlas and between 
the atlas and axis have wide range, so, 
the ligaments of the vertebral arches 
and of the processes, being far ffom 
the centers of movement, are loose and 
weak. Even, such a column of muscles 
as the Multifidus stops at the spine 
of the axis, leaving the atlas free to 
rotate. Near the centers of movement 
strong and peculiar ligaments appear, 
namely, the transverse ligament of the 
atlas and the alar ligaments. 

Special Ligaments. The transverse 
ligament of the atlas is strong and flat, 
and extends between the tubercles on 
the lateral masses of the atlas. Though 
transverse it is of course not straight but 
arched. It passes behind the root of the 
dens and holds it forwards against the 
atlas. There is a synovial joint (a bursa) 
between the front of the dens and the 
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anterior arch of the atlas and a bursa 
(or synovial joint) between the back of 
the dens and the transverse ligament. 
The head of the dens is enlarged and 
cannot easily be withdrawn from its 
osseo-fibrous ring. Weak, upper and 
lower bands pass from the transverse 
ligament to the basi-occiput and body 
of the axis giving the whole a cruciate 
appearance {figs, 699, 700). 

The aldr ligament is a short, very stout 
cord (one on each side) that passes from 
the side of the apcY of the dons upwards, 


axis to the inner surface of the basi- 
occipital spanning the atlas and cruciate 
ligament. It is broad and strong and 
called the membrafui tectoria. The inter- 
vertebral disc between the dens (repre- 
senting the atlas) and the basi-occiput 
.persists as a vestigial thread, the liga- 
mentum apicis dentis, which transmitted 
the notochord The supraspinous and 
interspinoiis ligaments form the ligamen^ 
turn nuchae, a thin partition between the 
nuchal muscles which rises to the inion 
and external occipital crest. The liga- 
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Fia.701. Ligaments (‘onriecti Hi; the bkul I to tlie vertebral column (in median section). 


forwards and laterally to the liibcrcle 
on the occipital cond} le. They check 
rotation. A pair .of less important special 
ligaments — the accessory atlonto-axial — 
takes the same direction as the alar liga- 
ments and joins the lateral mass of the 
atlas to the body of the axis They check 
rotation also. ^ 

General Ligaments {fig 704). The 
anterior longitudinal ligament becomes a 
cord at the axis and as a cord it continues 
to the ant^ipr tubercle of the atlas and 
on to the basi-occipital bone. The pos- 
terior longitudinal ligament passes from 


menta flava become a weak closing 
fibrous inembrane between occipital bone, 
atlas, and axis (see occipital legion) 
behind the vertebral canal. The articu- 
lar joints have loose capsules. The liga- 
ments passing from the occipital bone to 
the vertebral column named from before 
backwards then are as follows: (a) the 
anterior longitudinal ligament, (b) liga- 
mentum apicis dentis, (c) upper branch 
of cruciate ligament, (d) an alar ligament 
on each side, (e) membrana tectoria, (f) 
the posterior atlanto-occipital membrane 
and (g) the ligamentum nuchae. 
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The short muscles joining the upper 
cervical vertebrae to each other aftd to 
the occipital bone give security to the 
joint like the short muscles round the 
shoulder and the hip. 

THE EXTERIOR OF THE BASE OF^ 
THE SKULL 

The under .surface of the base of the 
skull will be considered in 3 area«, (an- 
terior, internicdiale, and posterior) sepa- 


lamina, and (e) the synchondrosis be- 
tween the basi-occipital and basi- 
sphenoid, which fuses before the 25th 
year. 

The Posterior Transverse Line unites 
the anterior margins of the right and left 
mastoid processes. It crosses (a) the 
tympano-mastoid fissure (between the 
mastoid and the orifice of the bony ex- 
ternal auditory meatus) out of which the 
auricular branch of the vaguS emerges, 


Lat. pterygoid iGLmina-l 
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Synch or\drobi5 


pterygoid lamina 
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Tympano- 
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Stylo -mastoid foramen. ^ 

Jugular foramen j SyncKondrosis 
Hypoglossal ^nt. condylar) canal 

Fio. 705 The ‘’anterior transverse line” and “posterior transverse line” on the exterior of the 
base of the skull. * 



rated by an anterior and a posterior 
transverse lino. 

The* Anterior Transverse Line is f(jund 
by passing a pencil or straight wire 
through both mandibular notches and 
acros.s the base of the skull. The fact 
that this can be done without the ptery- 
goid laminae or plates obstructing is 
proof that they lie anteriorly {fig. 705). 

On removing the mandible; the line is 
seen to cross (a) the foramen ovale at 
(b) the root of the lateral pterygoid 
lamina, (c) the foramen lacerum at 
(d) the root of the mediaT pterygoid 


(b) the stylo-mastoid foramen between 
the styloid and mastoid processes, (c) 
the posterior margin oj the jugular fora- 
men, (d) the anterior condylar (hypo- 
glos.«al) canal, and (e) the junction be- 
tween the anterior § and posterior f of 
the occipital condyle. Features d and 
e \h on the synchondrosis line between the 
basilar and condylar parts of the occip- 
ital bone. This line will be observed to 
pass behind the ext. auditory meatus and 
*to cross the anterior part of tho foramen 
magnum {fig. 77S). 

The Anterior Area includes the follow- 
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ing; The superior alveolar process, gen- 
erally U-shaped, carries 16 teeth, and 
has a free posterior end on each side, the 
maxillary tuberosity (fig. 706). The bony 
palate is bounded by the alveolar process 
except behind where it has a free 
crescentic border on each side sepa- 
rated by the posterior nasal spine. The 
bony palate is divided by a cruciate suture 


medial to the 3rd molar tooth and from it 
a groove runs forwards. The foramen is 
situated between the horizontal plate of 
the palatine bone ahd the alveolar process 
of the maxilla. The medial and lateral 
pterygoid plates end below freely between 
.the level of the palate and the maxillary 
tuberosity; but, a portion of the palatine 
bone, the tubercle (pyramidal process), 
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into an anterior J, the palatine processes 
of the maxillae and a posterior the 
horizontal processes of the palatine bones. 
On thb sagittal limb of the suture, jicst 
behind the incisor teeth, the incisive 
foramen is situated. The remains of an 
irregular suture line, which runs from 
the incisive foramen to between the ^ 
canine ana the lateral incisor teeth, 
bounds the premaxilla posteriorly. The 
foramen of the greater palatine canal liei 


interpo.ses itself like a buffer between the 
plates and the maxilla. Two branches 
of the greater palatine canal, known as 
the lesser palatine canals, descend through 
the tubercle. 

The Posterior Nasal Apertures 
(Posterior Chuanae) are oblong and are 
twice as deep as they are wide (IJ x 
V)t but together they do not equal the 
hard palate in width. Each aperture is 
bounded on three sides by a sharp, free 
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edge belonging to the medial pterygoid 
lamina^ the horizontal plate of the palate 
bone, and the vomer \ and on the fourth 
side by the meeting oJ the ala of the vomer 
with the vaginal process of the medial 
pterygoid lamina below the body of the 
sphenoid. ** 

The Ptehygoid Laminae enclose the 
pterygoid fossa between them. The lat- 
eral lamina gives (jrigin 1o the Lateral 
Pterygoid on its lateral surface and to the 
Medial Pterygoid on its medial surface 
It is, therefore, a muscular lamina and it 
is everted by the pull of the muscles 
The medial lamina i^ the hind part of 
the lateral wall of the nasal cavity. Its 
free border ends below in a hook, the 
hamulvs, which is in echelon with the 
maxillary Ivbetositi/, and the crown of the 
Srd molar tooth (,Jiq, 707). It ends above 
conically as the pfuygoid tubercle at the 
anterior border of the lower end of the 
foramen laccrum. Immediately lateral 
to it is the entrance to the pterygoid 
canal, which leads forwards to where the 
spheno-palatine ganglion is situated in 
the pterygo-palatine fossa. The supero- 
medial part of the pterygoid fossa* is 
continued towards the spine of the 
sphenoid as a canoe-shaped fossa (the 
scaphoid fossa) which gives origin to the 
Tensor Palati. 

The Lower Border of the Zygo- 
MATid Arch is continued anteriorly a 
buttress to the second molar tooth, while 
posteriorly, as the anterior root of the 
zygoma, it turns medially and can be 
traced forwards as the infra-temporal 
crest towards the front of the inferior 
orbital fissure. The roof of the infra- 
temporal fossa lies medial tb the infra- 
temporal crest. 

The Intermediate Area. Mcdianly is 
the basioccipital which widens as it 
passes backwards. Near its center, which 
lies above the anterior tubercle of the 


atlas, is the pharyngeal tubercle for the 
raphe of the constrictors of the pharynx. 
[From in front of the tubercle a sharp 
ridge running laterally and backwards 
on each side limits the insertions of the 
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Fio. 707. Shovving (1) the tuberosity of the 
maxilla, (2) the hamulus and (3) the hard 
palate in echelon 



Fio. 70S. The oblique line on the exterior of 
th^ base of the skull 


Longus Capitis and Rectus C'apitis An- 
terior.] 

The Oblique Line at the Base of 
THE Skull (fg. 708). This imaginary 
line extends from the tubercle at the root 
of the medial pterygoid plate, Vhich lies 
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on the anterior transverse line, to the 
front of the external auditory (acoustic) 
meatus. At the mid-point of this ob- 
lique line the syine of the sphenoid 
stands out like a sentinel that guards 
many strategic points. Thus, (a) an- 
teriorly lies the foramen spiiiosum which 
transmits the middle meningeal artery; 
(b) ])osteriorIy is tlie opening of the caro- 
tid canal; (c) medially is the orifice of 
the bony ^haryngo-tympanic (auditory) 
tube, and a bristle entering here emerges 
through the extomal auditory mea- 
tus; and, (d) laterally is the man- 
dibular fossa- indeed, the spine serves 
as a buUri'ss to resist medial displace- 
ment of the head of the mandible, which 
occupies the fcjssa. 

The half of the line antero-rncdial to 
the spine lodges the cartilaginous part 
of the phaiyngo-tympanic (auditory) 
tube ; the half postero-lateral is the 
squarno-tympanic fissure. 

The Mandibular Fossa (articular 
fossa) is the smooth, oval hc^llow in the 
temporal bone with which the head ot 
the mandible articulates. It lies be- 
tween the infratemporal fos.'^a in front, 
the external auditoiy meatus behinrl, 
and the spine of the spheiv/id medially. 
Therefore, this spine, the nud<iJe menin- 
geal artery, and the carotid artery lie 
medial to the easily i)alpated head of the 
mandible. The ;?nterior border of the 
fossa, being articular when the mouth is 
open, is rounded and is called the ar- 
ticular eminence (tubercle); its free lat- 
eral end is the anterior root of the zy- 
goma. The square posterior wall of the 
fossa is the tympanic plate. At the upper 
limit of this plate is the squarno-tympanic 
fissure. It is the squamous part of the^ 
fossa (i.e., part in front of the fissure) 
that is hollowed out for the mandible ; this 
part is thin and translucent and may be 
fractured* by a blow on the chin. The tym- , 


panic part is in contact with the parotid 
gland. 

The thin anterior edge of the tegmen 
tympani, which forms part of the floor 
of the middle cranial fossa, projects into 
the medial part of tlie squamo-tyinpanic 
•fissure, thereby dividing it into a squamo- 
petrous fissure and a petro-lympanic fis- 
sure. 

At the lateral end of the fissure the 
squamous part of the temporal bone is 
prolonged dovvnwaids behind the head 
of the mandible as the posUjknoid tubercle 
— in carnivora, that do not chew but use 
teeth as scissois, the tubercle descends 
far behind the head of the mandible. 

The t’ArLOiii) Canal. The entrance 
to the carotid canal lies immediately 
behin<l the entrance to the bony ph tymp. 
tube and is separated frqm the compart- 
ment for the jugular ^’ein by a bony wedge 
on the apex of whicli there is a pinpoint 
^opening for the tympanic branch of the 
lyt nerce (Jig. 7^5.9). The carotid canal 
curves ui)wards, forwards, and medially 
in the long axis of the petrous bone and 
oi)en.s into tiie foramen lacerum. The 
htyJoid process lies immediately lateral 
to tlie jugular fossa; its root may be 
smooth from eontact with the jugular 
vein. A swelling on the jugular vein, 
the jugular bulb, excavates the '^roof* 
of the jugular foramen (formed by the 
petrous bone) so that only a thin plate of 
bone separates it from the floor of the 
tympanum (fig. 760). 

The Posterior Area is limited behind 
and at the sides by the inion, superior 
nuchal lines, and mastoid processes. It 
includes most of the foramen magnum, 
f of the occipital condyles, the jugular 
processes, and the nuchal portion of the 
occipital and mastoid bones. Its features^ 
therefore, are: the grooves on the mastoid 
for the occipital artery and Digastric, 
the mastoid and posterior condylar fora- 
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mina, the inferior nuchal line, and the 
external occipital crest. Tlie jugular 
process is homologous with the trans- 
verse process of the occipital bone. It is 
placed above the transverse process of 
the atlas and is joined to it by the Rectus 
Capitis Lateralis, which is homologous’ 
with a Posterior Tnicr transverse muscle. 

THE GREAT VESSELS AND NERVES 

The structures deep to the parotid 
region are: 

(a) the internal jugular vein. 

(b) the internal carotid artery. 

(c) the last four cranial nerves. 

(d) the sympathetic trunk 
The complete cervical courses of these 

structure*^ cannot be seen until the 
parotid and infratemporal regions have 
been di.sscctcd, and the posterior belly of 
the Digastric with its 2 associated arteries 
(occipital and posterior auricular), and^ 
the styloid process with its 3 attached 
muscles (Stylo-hyoid, Stylo-glossus, and 
Stylo-pharyngeus) have been severed and 
thrown aside. 

General Dispositions. These deep 
and inaccessible structures enter or leave 
the skull through one of three openings: 

1. Jugular foramen— internal jugular 
vein, IX, X, XI nerves. 

2. Hypoglossal canal- -XII nerve. 

3. Carotid canal -internal carotid ar- 
tery and sympathetic prplongations. 

Where on the skull are thc.se openings? 

Turn to the under aspect of the base of 
the skull and note that a line joining the 
front of- one mastoid to the front of the 
other passes behind the styloid process, 
across the stylo-ma.stoid foramen, across 
the jugular foramen, across the hypo- 
glossal canal, and divide.^ the occipital 
condyles at the junction of their anterior 
i and posterior |, in fact it separates the 
basilar part of the occipital bone from the ’ the 


lateral part. This key line is referred 
to in figure 705 and on page 703 as the 
posterior transverse line*\ 

The jygular foramen has 3 compart- 
ments: (a) a postero-Iateral one for the 
internal jugular vein, (b) a middle one 
for nerves IX, X, and XI, and (c) an 
antcro-medial one for the inferior petro- 
sal sinus. 



Fig. 709. Tlic relations of the last four 
cranial nerves to the great vessels. 

Now, the hypoglossal canals which 
transmits the hypoglossal nerve, is sep- 
arated from the jugular foramen by a 
bar of bone. But for this bar, all four 
nerves would traverse a single foramen. 

The carotid ca7ialf beingan intra -osseous 
caiial in the petrous-temporal bone, is 
obviously in front of the jugular foramen, 
w’hich is an interosseous foramen between 
,the petrous temporal and occipital bones. 
Hence, at the base of the skull the internal 
carotid artery lies in front of (and slightly 
npedial to) the internal jugular vein, and 
wedge of temporal bone ’ between 
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them is thin. The four nerves lie medi- 
ally in the angle between thp artery and 
vein. These vessels and nerves and the 
sjjmpaiheiic trunk are compactly placed 
together (fig. 720). 

All four nerves descend together for a 
short distance between the internal jug- 
ular vein and the internal carotid artery 
{fig. 700), The X or vagus nerve con- 
tinues perpendicularly through the neck 
between tire great artery and vein. The 
IX or glosso-pharyngeal nerve, in order 
to reach the pharynx and posterior third 
of the tongue, passes forwards superficial 
to the internal carotid artery; the XI or 
accessory nerve, in order to reach the 
Sterno-mastoid, passes backwards super- 
ficial to the internal jugular vein. The 
XII or hypoglossal nerve, in order to reach 
the tongue, passes forwards superficial 
to the internal and external carotid 
arteries. 

, The Superficial Relations of the Carotid 
Shec^th. If you set yourself the question, 
“What structures would I require to 
remove, cut’ through, or displace in order 
to display the common and internal 
carotid arteries, the internal jugular vein, 
and the vagus nerve as they pass through 
the root of the neck, carotid 'triangle, and 
the deep part of* the neck enveloped in 
the carotid sheatli?'', you are best to 
tackle it in orderly fashion, preferably by 
layers; otherwisec you are more than 
likely to omit important structures. You 
will select the appropriate items from the 
following possibilities : 

1. Platysma. 

2. Superficial nerves. 

Sensory : Great auricular, and 
anterior cutaneous of the neck. 
Motor : Facial nerve and branches. 

3. SupeAcial veins. 

4. Deep fascia — one or more layers. 

6. Muscles: 

Suprahyoid: Posterior belly of Di-. 


gastric and 2 associated arteries; 

' Styloid process and 3 attached 
muscles; Anterior belly of Di- 
gastric and Mylohyoid. 

Infrahyoid : Sterno-hyoid, Omo- 
hyoid, Sterno-thyroid, and Thyro- 
hyoid (in line with the Recttla 
Abdominis) and their nerves de- 
rived from the hypoglossal and 
ansa hypoglossi nerves. 

Sterno-mastoid. 

5. Alerters: Branches of the external 
carotid that run backwards, (occipital 
and posterior auricular) mentioned above 
with the Digastric, and sterno-mastoid 
branches of the occipital and superior 
thyroid arteries. 

7 Veins: Tributaries of the internal 
jugular A^ein nmning backwards. 

8 Nerves: IX and XII running for- 
wards; XI running backwards; X and its 
cardiac branches running downwards and 
jts pharyngeal, superior laryngeal, and 
(on the right Mde) the recurrent nerve 
running forwards. The sympathetic 
trunk and branches. The descendens 
hypoglossi and descendens cervicalis. 

n. Glands: Lymph, salivary (subman- 
dibular, parotid), thyroid, parathyroid, 
and thymus. 

10. Variations due to se.x, age, and 
race nil. 

11. Anomalies: The thymus gland, the 
left , innominate vein, and (right) in- 
nominate artery may be in part cervical. 
The thyroid gland may be in part retro- 
sternal. The connecting vein between 
the common facial and anterior jugular 
veins may be very large. The thoracic 
duct very rare!}' ends on the right side. 
Nerves XI and the cervicalis descendens 
sometimes cross deep to the internal 
jugular vein. ‘ 

The Common and Internal Carotid 
Arteries (fig, 710), This great arterial 
stem, the internal jugular vein, and the 
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vagus nerve travel through the neck 
enveloped in the carotid sheath, > The 
artery is medial, the vein lateral, and the 
nerve is posterior in'^the angle between 
them. The sympathetic trunk runs 
through the neck behind the artery, but 
it is outside the carotid sheath 
Medial Relations. As this arterial 
stem travels through the neck from 
sterno-olavicular joint to carotid canal, 
it is applied to the side of the digestive 
and respiratory tubes. The width of the 
oesophagus (25 mm.) separates the right 
and loft common carotids at the root 
of the neck; the width of the pharynx, 
which is twice that of the oesophagus, 
separates the right and left internal 
carotids wlioie Ihc}'^ enter the carotid 
<;anals at the base of the skull (52 mm. 
apart) ; so, they diverge as they ascend. 

The rounded’ posterior border of the 
thyroid, gland usually insinuates itself 
between the common carotid artery and 
^>he oesophagus, trachea, and recur/’en! 
nerve and forces the arter}' laterally. 

The common carotid artery divides 
into internal and external carotid arteries 
about the level of the upper border of the 
thyroid cartilage. Just above the bi- 
furcation of the common carotid, the 
external carotid lies between the internal 
carotid and the phar^mgeal wall. The 
'iuperior laiyngeal nerve always passes 
between the internal carotid a. and the 
pharynx, ^ 

[In this description the pharyngeal 
fascia, pharyngeal plexus of veins and 
nerves, the ascending pharyngeal artery 
and the ascending palatine and the tonsi- 
lar branches of the facial artery are 
considered as constituents of the pharyn- 
gfeal wall — ^which they are.] 

The internal carotid artery gives off 
no branches in the neck. It may be 
tortuous; it may even des«?cribe a loop 
which brings it close to the tonsil. At its 


origin there is a fusiform dilatation, the 
carotid sinius The sinus is a blood 
pressure regulating mechanism which 
receives twigs from the glosso-pharyngeal 
nerve and also from the vagus and 
sympathetic 

Separating the external carotid from 
the internal carotid are the following: 



Fig. 710. The three carotid arteries and the 
branches of the external carotid artery. 

(a) The styloid process, the Stylo- 
pharyngeus, and the Stylo-glossus, but 
not th^ Stylo-hoid which, being a deriva- 
tive of the Digastric, passes superficial 
to, both arteries. 

(b) The glosso-pharyngeal nerve and 
pharyngeal branches of the vagus. [The 
superior laryngeal nerve or else its internal 
and external branches pass medial to 
both carotid arteries for reasons given in 
figure 715]. 

" (c) A portion of the parotid gland. 
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Posterior Relations. The great ar- 
terial stem may be compressed against 
the prominent carotid tubercle of verte- 
bra C. 6 (/?(/. ^7,9). 

Below the tubercle^ the })eginning of the 
subclavian artery and the vertebral 
artery and vein lie behind the great 
arterial stem ; and the inferior thyroid 


Lai'ekal Relations. Laterally are 
the invernal jugular vein and the vagus 
nerve. The vein is behind at the jugular 
foramen and somewtiat in front where it 
ends in the innominate vein, elsewhere 
it is overlapping. Cardiac branches of 
tile vagus and sympathetic accompany 
the artery dGH, 675). 


TYMPANUM 



artery and the thoracic \i)V light lymph) 
duct cross between the carotid sheath and 
the vertebral vessels; on the right side, 
the right recurrent nerve is also a posterior 
relation. 

Above the tubercle, the prevertebral 
fascia d,nd prevertebral muscles separate 
the artery from the transverse processes. 
At the base of the skull the last four 
‘Cranial nerves are behnd the artery. 
The Bymp||hetic trunk is posterior 
throughout, except below, where it crosses 
the subclavian artery. 


The Internal Jugular Vein (fig. Ill) 
is the continuation of the sigmoid 
sinus. It begins at the jugular foramen 
and ends, just after crossing in front of 
the first part of the subclavian artery, 
by joining the subclavian vein to form 
the innominate vein. The point of union 
is separated from the stemo-clavicular 
joint by two infrahyoid muscles. 

Bulbs. The vein has a swelling o^ 
bulb at each end : The upper bulb which 
is an outpouching from the wall of the 
vein, the size of the tip of a finger, ex- 



THE HEAD AND NECK 


711 


cavates the roof of the jugular foramen 
and is separated from the floor of the 
tympanum merely by^a thin plate of bone. 
The bulb is usually larger on the right 
side because the superior sagittal sinus 
usually turns to the right. 

The lower bit lb is a dilatation of the 
vein below the bicuspid valve situated 
about half-aii-inch above the clavicle. 

At the base of tlio skull the vein lies 
on the poslenor frausversc line (fig. 705). 
It is deep to the stylo-mastoid foramen 
and therefore deep lo tlie facial nerve and 
stylo-mastoid branch of the posterior 
auricular artery; it is behind the carotid 
canal and therefore behind the internal 
carotid art(‘ry and the cranial prolonga- 
tions of (he sympathetic trunk; and it is 
postero-Iateral to the last four cranial 
nerves. 

The vein occupies tiie lateral part of 
the carotid sheatli. It is separated by 
the prevertebral fa^'cic from the more 
lateral of tin* prevertebral muscles and 
the cervical plexus (fig. 712). [Thus, 
it crosses Rectus Capitis Lateralis, trans- 
vei*se process of the atlas, Levator Scapu- 
lae, Scalenus Medius and cervical ple.Xlis, 
Scalenus AntiTior and j)hrcnic nerve.] 

At the root of the neck it crosses (a) the 
first ])art of the subclavian artery and 
some of its branches (vertebral, internal 
mammary, thyro-cerv ical, and costo-cer- 
vical), (b) the phrenic and vagus in^rves 
separated from each other by the thyro- 
cervical artery; (c) the thoracic or right 
lymph duct, which passes between the 
carotid sheath and the vertebral vessels, 
and (d) it makes contact with the 
cervical pleura. The precise posterior 
relations vary with the state of engorge- 
ment of the vein. 

The accessory nerve and the descendens 
cervicalis nerve (C. 2, 3) pass either 


anterior or posterior to the vein (fig. 
711). 

Tributaries, (a) The first tributary 
and the last, not being veins, are apt to 
be overlooked (fig. 711). They are the 
inferior petrosal sinus and the thoracic 
duct or the right lymph duct. These 
enter the extreme upoer and lower ends 
respectively of the internal jugular vein, 

(b) The middle thyroid vein joins the 
internal jugular vein in the muscular 
triangle. It has no companion artery. 

(c) The 4 other tributaries accompany, 
more or less closely, certain of the six 
collateral and two terminal branches of 
the external parotid artery, and they are 
named accordingly. That is to say, 4 
names are to be chosen from the follow- 
ing list of 8 arteries: superior thyroid, 
lingual, facial, occipital, posterior auricu- 
lar, ascending pharyngeal, and internal 
maxillary and superficial temporal. 

The chosen ones — superior thyroid, 
lingual, and common facial veins — ^join the 
internal jugular vein below the level of the 
hyoid bone; Ihe pharyngeal vein or veins 
joins it deep to or above the Digastric. 
The occipital vein ends either in the 
vertebral plexus of veins or in the internal 
jugular vein.^^ 

The terminations of the posterior 
auricular, ini. maxillary, and the superficial 
temporal veins are shown in figure 628. 

The Last Four Cranial Nerves (Extra- 
cranial Course). The general dis- 
positions of these four nerves on leaving' 
the skull are given on page 708. At 
the base of the skull nerves IX and X 
po.ssess two ganglia each, an upper and 
a lower. These ganglia are the equiv- 
alent of posterior root ganglia to spinal 
nerves and of the trigeminal ganglion to 
nerve V. Both nerves conduct efferent 
and afferent impulses to and from viscera. 
Nerves XI and XII conduct efferent 
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impulses only, their fibers suppiyiiig 
striated muscles, and both recioive con- 
tributions from the an I prior mini of the 
upper cervical nerves 


mater. It descends between the internal 
jutrular and internal carotid vessels to 
the posterior borde’ of the Stylo-pharyn- 
j^eus and, winding around it, passes for- 


Rectus Colpitis Anterior 


Jug. process 

Rect. Capitis Lat 

Trans, process 
Ir\.tertransversus 
Trans, process 


Sealant 



Syriovial fold 


Fio 712, The prevertebral muscles— to explain the posterior relations of the internal jugular 
vain. ^ 


wards between the internal and external 
carotids. It then follows the upper bor-. 
der of the Middle Constrictor deep to the 
Hyoglossus and so enters the phary^ix 


The Gl3fco-pliai3mgeal Nerve (K) (fig. 
71S) leaves the skull through the jugular 
foramen. with the vagus and accessoi^y 
but in its own sheath of dura 


nerves. 
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where it spreads out submucously ov’^er 
the posterior third of the tongue. 

Distribution: Its ^ne motor branch 
supplies the Stylo-pharyngeus. Fibers 
of general sensation pass to the pharyngeal 
plexus — which is formed on the Middlg 
Constrictor by branches of the vagus, 
sympathetic, and glosso-pharyngeal — and 
through it supply the greater part of the 
pharyngeal wall. One branch, the sinus 
neiwCy consists of the afferent fibers from 
the carotid sinus and carotid body; when 
stimulated it brings about a reduction 
of the blood pressure 

The terminal fibers spread over the 
posterior third of the tongue, extending 
beyond the vallate papillae as fibers of 
general sensation and of taste (fig. 7.U)); 
other branches aie sensory to the tonsil, 
pharyngeal and sofi palate 

These fibres initiale I he swallowing reflex. 

The tympanic branch passes into the 
tympanum through the minute canai or 
the apex of the wedge between the carotid 
canal and jugular foramen; it is sensory 
to the pljar 3 uigo-tympanic tube, tym- 
panum, mf'dial surface of the ear drum, 
tympanic antrum, and mastoid air ceils. 
It is joined in the tympanum by sympa- 
thetic twigs from around the carotid 
arteiy It leases the tympanum and in 
tlio petrous bone is joined by a twdg from 
the facial ganglion (geniculate) to form 
the lesser superficial petrosal nerve, which 
passes to the otic ganglion, there to be 
relayed via the auriculo-temporal nerve 
to the parotid gland as its secretory 
nerve. 

The Vagus Nerve (X). Tliis vagrant 
or w^andcring nerve (fig. 714) leaves the 
skull through the middle compartment 
of the jugular foramen in the same sheath 
of dura mater as nerve XI. It descends 
through the 7Leck within the carotid 
sheath, occupying the posterior angle 
between the internal jugular vein and the 


great carotid stem as far as the sterno- 
clavicular joint. There it crosses behind 
the respective innominate vein to enter 
the superior mediastinum. 

In the Superior Mediastinum the courses 
are subplcural, but they differ on the tw'o 
sides (fig. 6()S). On the right side, the 
vagus, having crossed the subclavian 
artery (1\^ primitive aortic arch), de- 


L<2S«»cr supepf. petrosal n 



PKaryngeal brs. on. 

/Aiddle Constrictor 

Fio. 713. Distribution of the glosso-pharyn- 
geaJ (IX) nerve. 

scends to the back of the root of the lung, 
lying first on the side of the innominate* 
artery, and then on the trachea. On 
the left side, the vagus continues its 
descent along the side of the carotid arter}" 
to the aortic arch (IV primitive aortic 
arch) and the subclavian artery lies 
posteriorly. It crosses the left side of the 
arch to reach the back of the root of the 
lung. 

, In the Posterior Mediastinum the courses 
are similar on the two sides. Each nerve 
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forms a posterior pulmonary plexus, from 
which one or two stems emerge and pass 


Meryg X 


Accc&sory 
root 


Sinus 


/Aeningcal brancK 


Auricular brancH 
Pharyngeal branch 

53nHr-5oft 

palate 

Int. laryng n. 

Vocal folcL 
Ext. laryng. n. 

Rec. laryng. n. 
Cardiac brs. 



Left vagus n. 


Fia. 714. Distribution of the vagus (X) 
nerve. . ' 

to the oesophagus (the right nerve to 
the back, the left nerve to the fronts, 
where they form the oesophageal plexus' 


around the oesophagus. From the plexus 
an anterior and a posterior gastric nerve 
emerge and descend on the respective 
surfaces of the oesophagus, through the 
oesophageal opening in the diaphragm, 
jfo the stomach. 

In the Abdomen the two nerves lie 
close to eacli other at the lesser curvature 
of the stomach. The anterior (left) 
gastric nerve supplies the anterior surface 
of the stomach, and sends branches to the 
liver, pylorus, first part of the duodenum, 
and pancreas ; the posterior gastric nerve 
supplies the posterior surface of the 
stomach and sends one or two large 
branches in company with the stem of the 
loft gastric artery to the celiac plexus, 
whence it is distributed wnth the blood 
vessels to the intestine as far as the left 
colic* flexure and to the 'other abdominal 
viscera. 

Of the two ganglia of the vagus, the 
•superior (jugular) is small, the inferior 
(nodosum) is an ijich long and lies just 
below the base of the skull. The cranial 
or accessory root of the spinal accessory 
nerve joins the vagus at and beyond the 
grfhglia and brings to it the motor fibres 
for the muscles of the pharynx, sofi 
palate, and larynx. 

Branches arise from the vagus thus; 
In the jugular fossa: 

Meningeal and auricular. 

In fie neck: 

Pharyngeal, superior laryngeal, sinus, 
cardiac, and right recurrent laryn- 
geal. 

In the thorax: 

Cardiac, left recurrent laryngeal, pul- 
monary, and oesophageal. 

In the abdomen: 

To most abdominal viscera. 

The meningeal twigs are distributed to 
the dura mater of the posterior cranial 
fossa. The auricular branch crosses be- 
hind the jugular vein and enters a canal in 
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the lateral wall of the jugular fossa, which 
conducts it past the facial nerve the 
tympano-mastoid fissure, through which 
it emerges, and supplies the outer surface 
of the tympanic membrane, and the 
adjacent parts of the external auditory 
meatus. It also sends twigs to the baok^* 
of the ear (auricle) . 

In the neck, the chief duty of the vagus 
is to supply the alimentary and respira- 
tory tubes. This it does via 3 branches: 
pharjmgcal, superior laryngeal, and recur- 
rent laryngeal. In the embryo, these 
three pass between the primitive ventral 
and dorsal cephalic aortic arches (Jig, 
115). Post-natally, the glosso-pharyn- 
geal nerve continues this course. With 
the breaking down of the segment of the 
primitive dorsal aorta between the 3rd 
and 4th arches, the superior laryngeal 
nerve is enabled to rise to a higher level 
and to slip behind the internal and ex- 
ternal carotids. On the disappearance^ 
of the right 5th and 6th primitive aortic 
arches, the right recurrent laryngeal nerve 
rises to the 4th primitive arch (sub- 
clavian artery), recurs below it, and 
passes behind the common carotid artery. 
The left recurrent laryngeal nerve con- 
tinues its original course round the 
primitive 6th arch (the ductus arterio- 
sus). 

The pharyngeal branch pierces the 
Superior Constrictor and supplies all^the 
voluntary muscles of the pharynx and 
soft palate, except the Stylo-pharyngeus 
and Tensor Palati. 

The superior laryngeal nerve passes 
medial to the internal and external caro- 
tids and, lying on the Middle Constrictor, 
divides into an internal and an external 
branch; the internal branch pierces the 
thyro-hyoid membrane and is sensory to 
the larynx above the level of the vocal 
cords and to the region around the 
aperture of the larynx (p. 766); the 


external branchy after partly supplying the 
Inferior Constrictor, ends in the Crico- 
thyroid. 

The recurrent laryngeal nerves: the right 
nerve arises from the vagus where it 
crosses in front of the subclavian artery. 
It recurs below the subclavian and is 
there in contact with cervical pleura; it 
then crosses behind the common carotid 
artery and ascends in the angle between 
the trachea and oesophagus as* described 



^’lo, 715. Developmental explanation of the 
relationship of the glosso-pharyngeal, superior 
laryngeal, and recurrent laryngeal nerves to the 
carotid arteries. In about 1 per cent of 
persons the right subclavian a. arises from tho 
aorta (see fig. 593), the recurrent nerve then 
does not recur around the 4th arch but, like 
the superior la^ryngeal nerve, takes a direct 
course. 

on page 673. The left nerve arises from 
the vagus where it crosses the aortic 
arch. It recurs around the lig. arterio- 
sum, passe'i below’' and medial to the 
aortic arch and may there be surrounded 
by tracheo-bronchial l 3 miph glands. It 
then ascends in the angle between the 
trai^hea and oesophagus, as on the right 
side. Both recurrent laryngeal nerves give 
off cardiac, oesophageal, and tracheal 
^jranches and branches to the Inferior 
Constrictor. They supply all the muscles 
of the larynx (the Crico-thyroid ex- 
cepted), and they are sensory to the 
larynx below the vocal cords. 
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A branch of tlie vagus passes to the 
carotid sinus and carotid body. 

Cardiac branches are described on page 
502; 'pulmonary branches on page olG. 

Distribution. The vagus su])plics (a) 
the voluntary muscles of tlie ])harynx 
(except StyJo-pharyngeus), hoft palate 
(except Tensor Paiati), and larynx; (b) 
the heart muscle/ and the involuntary 
muscle of the ocsopliagus, stomach, and 



. intestines down to the left colic flexure, 
and the gall bladder; and it contains 
(c) the secretory fibera for these organs. 
It contains (d) afferent fibers from those 
organs and from the larynx and lower 
respiratory passages, and (e) a few taste 
fibers from the region of the epiglottis.^ 
The Acc^soiy or Spinal-accessory 
Nerve (nerro XI) (figs. 716, 720) has a 
double origin — spinal and cranial. The 
spinal rdot arises from the anterior gray 


column of the upper five or six segments 
of thu spinal cord, ascends behind the lig. 
dcnticulatum, and enters the posterior 
cranial fossa through the foramen mag- 
num. 'fhe cranial or accessory root arises 
from th(' nucleus ambiguus, and leaves 
'Che medulla behind the olive as several 
fila in line with those of the vagus. The 
two loots unite as they enter the middle 
compartment of the jugular foramen 
(within the same dural sheath as the 
vagus), and as they leave the foramen, 
they scparat(‘. 

The cranial part at once joins th(‘ vagus, 
bringing to it fibers for the supply of the 
voluntary muscles of the phaiynx, soft 
palate, and larynx (p 706) > Hcmcc, 
tlii^ part is accessory to (lie vagus. 

ri)(‘ spinal part courses downwards and 
backwards in front of the interiud jugular 
vein (or behind ’it) and the transv(*rse 
process ot the atlas. It makes a brief 
appearan(*(^ in tla^ (*arotid triangle between 
^ligj^trii^ nnd StiTuo-mastoid. Sur- 
rounded b\ kvinpli glands, and accom- 
panied b> the slenio-mastoid branch of 
I lie occipital ail , it entcas t lu' (l(‘('p Mir- 
Uife ot t lu* Sierno-inastoid []" 2]" below 
ih(‘ tif) oi tlu* mastoid pr()(‘eNs. It next 
app(‘ais at the fiosteiior border of (he 
Steiiio-mastoid near Us mid-point and 
her(* again it is surrounded by lymph 
glands Lying on the Levator Scapulae, it 
crosses the posterior triangle immediately 
subjacent to the deep fascia, above and 
parallel to branches of C. 3 and 4 (fig, 
628). It jiasses under cover of the anter- 
ior border of the Trapezius two or three 
fingers’ breadth above the clavicle. Con- 
tinuing deep to the Trapezius it crosses 
the meflial angle of the scapula (fig, 73), 

Distribution. The accessory nerve 
supplies the Sternomastoid and Trapezius. 
Within the Sternomastoid it is joined by 
a branch of C. 2, and deep to the Trape- 
zius by branches of C. 3 and 4, but these 
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cervical branches are entirely sensory 
(K. B. -Corbin). 

The H3rpoglossal Nerve (nerve XII) 
{fig- 717) emerges from its canal between 
the atlanto-occipital joint and the jugular 
foramen. It descends, making a half 
spiral turn behind the vagus and picking* 
up a branch from C. J. It continues 
between the internal jug^ygr vein and 
internal carotid artery to Ihe lower bor- 
der of the Digastric and Stylo-hyoid and 
so enters the carotid triangle. There it 
hooks round the occipital artery and, 
while doing so, gives o(T its descendens 
branch. It makes a gentle loop down- 
wards and forwards superficial to the 
‘^arterial plane’^ H.e., I he plane of the H 
carotid artciii'^ and the 3 forward 
branches called h. thyroid, lingual, and 
facial) and, jmssiyg dei‘p ojice again to the 
Digastric and Stylo-hyoul, it enters the 
digastric triangh*. There concealed by 
the submandibular gland, it continues^ 
lorwards superficial to the Hyoglos^us, 
which now separates it from the lingual 
artery, and i)asscs d(‘ep to the free pos- 
terior border of the Mylohyoid. Arriv- 
ing at the anterior border of the Hy^- 
glos.sus it swings medially and its 
branches ascend in the substance of the 
tongue. 

Distrihition. The hyi^oglossal nerve 
supplies all 3 extrinsic muscles of the 
tongue • (Stylo-glossus, llyo-glos^us, 
Gcnio-glossus) and all the intrinsic 
muscles. The contribution from C. 1 
is distributed as the descendens h 3 ^po- 
glossi, the branch to the Thyro-hyoid and 
the branch to the Genio-hyoid. 

The la^^t four cranial nerves effect 
numerous other connections at the base 
of the skull. As the significance of many 
of these is not known, the labor of com- 
mitting their details to memory would be 
neither wise nor profitable. 

The Sympathetic Trunk. The cer- 


vical portion of the sympathetic trunk 
passes through the neck behind the 
common and internal carotid arteries, 
but outside the carotid sheath. It is 
medial to the vagus, which lies between 
the carotid and jugular vessels inside the 
carotid sheath. It is also thinner than 
the vagus, except at the sites of its three 
ganglia. The super lor* ganglion^ is about 

Mepv e XII 



Omo-Kyoici (post, belly) 


f'lo. 717. Distribution J)f the hypoglossal 
(Xll) nerve.* 

two inches long. It extends downwaixls 
to the level of the greater horn of the 
hydid. The middle ganglion^ the size of a 
pin’s head, lies in front* of the inferior 
thyroid artery below the level of the 
gricoid; commonly it is in two parts (p. 
667). The inferior ganglion^ large flat and 
nodular, lies in front of the 7th cervical 
transverse process behind the vertebral 
artery, but commonly it fuses in* front of 
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the neck of the lirst rib with the first 
thoracic ganglion to form the stellate 
ganglion. 

The trunk sends a loop around the 
inferior thyroid artery, another around 
the vertebral artery, and another around 
the subclavian artery (ansa subclavii). 

Branches (fig, 718). There being no 
white rami communicantes in the cervical 
region, the cervical sympathetic trunk 



derives its fibers, chiefly from the upper 
two thoracic segments. It s( nds gray 
rami communicantes (o (he anterior rami 
of each of the «.eight cervical nerves, 
roughly thus, 1-4 spring from -the superior 
• ganglion; 5 and 6 from the middle gan- 
glion; 7 and 8 from the inferior ganglion. 

A cflrdiac branch goes from each of the 
three ganglia to the cardiac ple:Cus. 

Vascular branches from the superior 
ganglion follow the internal and external 
carotid arteries and are distributed with 


their branches ; branches from the middle 
ganglion are distributed with the in- 
ferior thyroid artei^; and branches from 
the inferior ganglion are distributed with 
the vertebral artery and to the sub- 
clavian artery. A twig passes to the 
Carotid sinus. 

The Superior Ganglion sends 
branches to everj^thing in its neighbor- 
hood, i.e., to the first four cervical nerves; 
to the last four cranial nerves (the acces- 
sory excepted) ; to the pharyngeal plexus, 
joining there branches from nerves IX 
and X; and to the cardiac plexus. The 
vascular branches run thus: the superior 
thyroid artery eonducts branches to the 
thyroid gland; the facial arteiy to the 
submandibular ganglion and so to the 
submandibular and subliugual salivary 
glands ; the internal maxijlary and middle 
meningeal arteries to the auriculo-tem- 
poral nerve, and so to the parotid gland ; 
^he^ internal carotid artery is accom- 
panied by the internal carotid nerve, 
which sends twigs to the tympanum, to 
the petrosal nerves, and to the nerves in 
the cavernous sinus. 

•Paralysis of the Cervical Sympathetic 
results in Horner's .syndrome, i e., ptosis 
(drooping of the eyelid) and cnophtkalmos 
(rece.ssion of the eyeball) due to paralysis 
of the involuntary muscle in the lids and 
orbit; reduction of the intra-orbital 
pressure; contraction of the pupU due to 
the unopposed action of the oculomotor 
nerve; vaso-dilatation and absence of 
sweating on the affected side of the 
face. 

The Middle and Inpbkior Ganolu 
send gray rami to the brachial plexus. 
These are ftumerous and variable in their 
course (see p. 780). 



CHAPTER 24 


THE PHARYNX 

Examination of the Detached Hea<f 
and Pharynx from Behind. 

The skull, pharynx, great vessels, last four 
cranial nerves, and sympathetic trunk (in 
short, all structures in front of the pre ver- 
tebral fascia) are to be detached from the 
vertebral column. The Sterno-mastoid, Sple- 
nius Capitis, and Longiasimus Capitis have 


sion of the head and commonly has 
opening on to it a foramen for an emissary 
vein. 

The structures on the now familiar '^posterior 
transverse line'' (fig, 719) that jqins the an- 
terior borders of the mastoids arc to be defined. 

They are {fig. 720)i the styloid process 
with the facial nerve descending on its 


Lat, pterygoid lamina^ 
Foramen, ovale 


Synchondrosis 


Tympano- 
mastoid fissure 

Stylo-mastoid foramen 

/ 

Jugular foramen 



/A\ed. pterygoid lamina 
'^iForamea laceram 


Anterior 
paP TRftNSVERSE Lime 


Styloid process 

Posterior 
Transverse Line 

/Aastoid procesis- 


Synchondrosis 
Hypoglossal ^nt. condylar) canal . 

Fio. 719. The anterior and posterior transverse lines on the exterior of thsbase of the skull. 

lateral side from the stylo-mastoid fora- 
men, and the internal jugular vein de- 
scending on its medial side from the 


already been severed from the mastoid process; 
the nuchal muscles must now be detached 
from the occipital squama; the Longus Capitis, 
Rectus Capitis Anterior, and Rectus Capitis 
Lateralis must be severed from the basi-occi- 
put and jugular process; and ligaments 
uniting the occipital bone to the atlas and 
axis must bedivided. 

The foramen magnum and the con- 
dyles, skirting the anterior half of the 
foramen, are seen; and extending laterally 
from the posterior two-thirds of the 
condyles are the jugular processes. Be- 
hind each condyle there is a (posterior) 
condylar fossa which receives the margin 
of a condyle of the atlas during exten- 


jugular foihmen; also, the hypoglossal 
canal, separated from the jugular fora- ’ 
men by* a bar of bone. Were it not for 
this bar the jugular and hypoglossal 
openings would be one. Because the 
glosso-phar 3 mgeal, vagus, and accessory 
nerves emerge from the jugular fora- 
men, and the hypoglossal nerve from 
the hypoglossal canal, it is evident that 
these four nerves are very close together 
and that the hypoglossal is the most 
medial. [Medial to these nerves is the 
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sympathetic trunk.] The four nerves 
and the trunk largely conceal the inter- 
nal carotid artery. The posterior wall of 
the pharynx hangs from the basi-occiput, 
well in front of the foramen magnum, 
and has the great vessels and nerves 
lying postero-lateral to it. The pharynx 
is widest at the .base of the skull and 


fibers of the sympathetic, traverses the 
carolid canal. Clearly, the carotid canal 
being intra-osseoii.^ (within the temporal 
bone) is anterior to the jugular foramen 
which is inter-osseous (between temporal 
and occipital bones). The following fea- 
**tures arc easily made out: the superior 
cervical ganglion of the sympathetic and 
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Fig. 720. The pharynx, last 4 cranial nerves, sympathetic trunk and great vessels— from 
behind. (The skull has been sectioned in “the posterior transverse line’*- see fig. 719.) 


narrowest wher^ it tapers into the esoph- 
agus. There the thyroid gland is applied 
to its sides. 

Of these stmetures at the base of 
skull, thesiitost posterior are thc' iitternal 
jugular vein and the XII nerve. An- 
terior to the.se are tlie IX, X, and XI 
nerves; and most anterior of all is the 
internal (Carotid artery which, with stout 


the inferior ganglion of nerve 'X, each 
from 1" to 2" long; nerve XII making a 
spiral behind the ganglion of nerve X; 
the cranial root of nerve XI joining nerve 
X beyond its ganglion; nerve IX and 
the pharyngeal branches of nerve X 
passing between the two carotid arteries; 
the pharyngeal branches of the sympa- 
thetic and the superior laryngeal br. of 
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nerve X passing medial to both carotids; 
the posterior belly of the Digastric and 
the styloid process with its 3 attached 
muscles lying between the pharynx and 
the Medial Pterygoid. 

The Procedure in This Chapter. 
It has been and still is the custom to 
study the pharynx aiul mouth and their 
relations by dissecting from the skin sur- 
face inwards, but more desirable knowl- 
edge is gained l)y working from the 
mucous surface outwards. .Accordingly, 
in this chapter attention is directed to the 
work from the inside. Dissection, de- 
scription, and comment are given con- 
currently. Almost no fat is met with, 
so, dissection amount to little more than 
stripping olT nnicou-. membrane and 
defining tfic margins of muscles. This is 
easily doTu‘, prw>\ ided - and only pro- 
vided- (he part i^; ke])t* suitably moist, 
and th(‘ last few millimeters of the blade 
of tlie knife retain the sharpness of a 
lazor. 

The Pharynx is a iibro-muscular tube 
that extends from the base of the skull to 
the lower boi'der of the erieoid cartilage 
wlicre, at the level of vertebra C, 0, it is 
continuous with the oesophagus. At the 
base of the skull its postero-lateral angles 
reach almost to the carotid canals; 
here therefore it is 2 inches wide. At its 
junction with the oesophagus it is 1 i^ch 
wide and, because this is the narrowest 
part of the alimentary canal, a foreign 
body that passes the cricoid is not 
likely to be arrested farther on. 

The Pharyngeal AVall has four 
coats or tunics: (1) areolar, (2) muscular, 
(3) fibrous, and (4) mucous. 

The Areolar Coal is continuous with 
the areolar coat of the Buccinator and is 
called the buccopharyngeal fascia. It 
contains the pharyngeal plexus of veins 
and of nerves. The venous plexus drains 


the pharynx including the soft palate and 
tonsil; it communicates with the ptery- 
goid plexus; and it ends in the internal 
jugular vein near the angle of the jaw. 
The nerve plexus is formed by pharyngeal 
branches of the vagus, glosso-pliaryiigeal, 
and sympathetic nerves, which are motor, 
sensory, and vaso-rnotor respectively. 

The Muscle Coal comprises five paired 
voluntary muscles, namely — 

1. Superior] 

2. Middle k Vms trie tons 

3. Inferior j 

which represent an outer “circular” coat, 

4. Stylo- 1 , 

5. 

which represent an inner “longitudinal” 
coat. 

The three consUietors are incomplete 
in front when' tlu' nose, mouth, and 
larynx oj)ej) ii\}o the i)harynx. Kaeh is 
fan-shai)ed; and ea(‘li is attached by its' 
narrower end, or handle of the fan, to 
the i^de w'all of the ntu^al, the oral, or. the 
laryngeal lOaeli widens pos- 

teriorly and joins its h'llow in the median 
plane, and it partly envelops or overlaps 
externally the one above it, i.c., the 
Inferior ovorla])s the Middle, and the 
Middle ovci*L*i)s the Superior. Each has 
a concave upper and leaver border; the 
upper borders curve upw'ards in the 
median })lanc behind to, or nearly^ to, the 
pharyngeal tubercle onHho basi-occiput, 
and from the tubercle a median fibrous 


raphe c^'seends. 

It is easiest to begin by’^ placing the 
Middle Constrictor, thus: 

The Middle Conslriclor^ifig, 72 1) arises 
from the angle between the greater and 
lesser cornua of the hyoid and from the 
lower end of the stylo-hyoid ligament. 
In order to expose the origin of this 
Constrictor, the Ilyoglossus must be 
detached from the greater cornu and 
raised, together with the hypoglossal 
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nerve which runs across its superficial 
surface. The lingual artery, which runs 
across its deep surface, may be eased 
downwards. 

The Inferior Constrictor arises from 
the oblique line on the thyroid cartilage 
behind the attachments of the Sterno- 
thyroid and Thyro;hyoid. It is unable to 
arise from the lateral aspect of the cricoid 
cartilage because this is monopolized by 
the Crico-thyroid ; so, it springs from the 
fascial covering of the Crico-thyroid. 



Fic;. 721. Tho uiiKuhir f tln» MiJdlr 

Constrictor. 


This thickens to form an arch that ex- 
tends from the lower tubercle on the 
thyroid cartilage *10 the lower border of 
the cricoid cartilage. In thus creating 
• an arcuate ligament out of fas 9 ia, the 
Inferior Constrictor follows the example 
set by the diaphragm {fig. 302). 

The lowest fibers of the Inf. Constrictor, 
called the Crico-pharyngeus^ being 
normally in a state of contraction, guard 
the oesophagus like a sphincter anc^ 
prevent air from being sucked into it 
during reijjiiration. (Negus; Raven.) 

The Crico-ikyroid is developmentally^a 
detached part of tlie Tnf. Constrictor and- 


this accounts for the fact that its nerve, 
the fcxternal laryngeal, partly supplies 
and usually pierce^ the Inf. Constrictor 
on its way -to the Crico-thyroid. The 
practical significance of this lies in the 
fact that when the thyroid gland and 
^he superior thyroid vessels are pulled 



Fia. 722. The three Constrictors • of the 
pharynx. 


forwards during operations on the gland, 
the nerve tends to remain behind. 

The Superior Constrictor arises from 
the pterygo-mandibular lig. or raph6 and 
from the bony point at each end of the 
ligament, i.e., the lower end of the medial 
pterygoid plate and the mandible behind 
the 3rd molar tooth. Some fibers spring 
from the tongue. 

The longitudinal or inner muscle coat 
formed by the StyJo-phaiyngeus and 
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Palato-pharyngeus will be examined from 
the interior of the pharynx (p. 733^. 

The Fibrous Coat, called the pharyngo^ 
basilar fascia, corresponds to a tunica 
submucosa. It is especially strong 
above, where it serves to anchor tl^ 
pharynx to the posterior border of the 


Structures Crossing the Borders of the 
Constrictors. Certain nerves, vessels, 
muscles, and the pharyngo-tympanic 
tube pass through the four angular gaps 
that occur above and below the handle- 
like origins of the Constrictors: (A) The 
recurrent nerve and its companion artery, 
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Fio. 723. The lateral aspect of the pharynx. 


medial * pterygoid plate, to the basi- 
occipital, and to the petrous, bone. At 
the upper concave border of the Superior 
Constrictor a semilunar portion of the 
fascia (sinus of Morgagni) is visible 
from without (Jig. 720). 

The Mucous Coat is described with the 
interior of the pharynx. 


the inferior laryngeal a, pass into the 
pharynx through the gap between the 
oesophagus and the I. Constrictor. The 
’nerve is closely applied to the back of the 
crico-thyroid joint and it may readily be 
involved in inflammation of the joint. 
Before traversing the gap, the nerve and 
artery send twigs to the wsophagus^ 
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trachea, and I. Conbtrictor. The nerve is 
usually in two bundles. (B) The w- 
iernal laryngeal nerve and s^iperior laryn- 
geal vesacls pierce the thyro-hyoid mem- 
brane unfler covei* of the Tliyrohyoifl in 
the gap between the 1. and M. Con- 
strictors. ((^) The ’ Slylo-phanjngeus 
passe.s tlirough flip gnj) between tlie M. 
and 8. C’onstrictors, amalgamates wdth 
the J^ala^o-pharyngens, and gains at- 
tachment to the greater horn of the hyoid 
and posterior border of the th^^roid 
cartilage. This allacliment will be seen 
if the 1. Constrielor is detiu-hed from the 
oblique line and thrown backw’ards. 
The glosao-pharyngcal nerve^ after making 
a partial spiral aroiiiifl the Stylo-pharyn- 
gous, passes through the same gap. 1'he 
Stylo-glossiis and the lingual nerve pa.ss 
forwards in the same intc'rval but th<‘r 
enter the mouth. (Dj 77?e pharyngo- 
tympanic or avditory (iihf, the Levator 
Palati, and the ascending palatine artery 
pass* through the gap l)etwe(ui the 8 
Constrictor and the base of the skulk 

The Interior of the Pharynx. Inspiu - 
TIQN {Jig, 72^,). 

With PCiSiSors or .sonlpol, tiic pusilcnor 
pharyngeal wall right up to llip bj.se of 
skull, and view the pliarvnx iiom wuhin 

Opening into the pharyjL\ anteriorly 
are orifices leading from the cavities of 
the nose, mouth •• ami larynx. Accord- 
ingly, the pharynx is divided Aito 3 part^: 
the naso-pharynx, oral pharyn,^\ and 
laryngeal pharynx. The soft palate, end- 
ing in the uvula, hangs do^vn and 
separates the ngiso-pharynx above from 
the oral pharynx below. 

The Naso-pharijnx lies above the .soft 
palate and behind the nasal cavities. It* 
is, in fact, the backward extension of the 
nasal caviilfes and it cannot be .shut off 
from them. Therein it differs from the 
oral pharynx which ran be .shut off from- 


the mouth, and from the laryngeal 
pharynx which can be shut off from the 
larynx. In front, ^are two oblong rigid 
bony oiifiees, the posterior apertures 
(choanal) of thf nose de.scribcd on page 
701. On looking through these apertures 
*the posterior ends of the middle and 
inferior concha e are scon On the side 
w'all of th(‘ pharynx, lialf-an-inch behind 
the inferior concha, is the orifice of the 
pharyngo-tympanic tube (the auditory 
tube of Eus^ acinus). Its upper and 
posterior lips arc prominent and carti- 
laginous. A fold of mucous membrane, 
the salpingo- pharyngeal fold^ o\'erIying a 
muscle of the same name, descends from 
the postero-inft'i ior part of the orifice and 
gives it the appearance n{ a hook. Be 
liind the orifice of the tube there ivS a 
vertical (*l(‘ft, the pltarym;ral recess, which 
extends under tlu5 j^etrous bone almost to 
tlie carotid (*aiial; so, here the pharynx 
fXs t^wo inches wide. 'Fhe roof, formed by 
basi-oecipital ami ])etrous bones, is 
roun(l(‘d oft into the j>osterior wuill wiiic'h 
)ie^ in troni of the atlas and axis but w'ith 
])M‘vertebral fascia and prevortebral mus- 
inU‘i\einng On the roof I here i.s' 
some lymplaud tissiio, the naso-pharyn 
gcal tonsif whicli wluui overgrown is 
known as ^‘adenoids” (fig. 72f5), This 
tissue extends into the ])haryngeal recess 
behind the pharyngo-tympanic tube and. 
whmi hy])prtrop}iied, it can, by com- 
pressing the tube, interfere with access 
of air to the middle ear wdth resulting 
deafness. 

The Oral Pharynx is placed below the 
soft palate and behind the mouth and 
tongue. From the soft palate two folds 
of mucous membrane arch downw^ards on 
each side. The anterior fold, the palato- 
glossal archy overlies a muscle of the same 
name and descends to the junction of the 
anterior f and posterior | of the tongue. 
It lies at the dividing line between mouth 
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and pharynx. The posterior fold, the 
palato-pharyngeal archy also overlying a 
muscle of the same ^ame, arches down- 
wards to be lost on tlie side wall of the 
pharynx. On each side between the 
two palatine arches lies the tonsil (paj|^ 
atine tonsil). 


ienoideus which unites these cartilages i 
on each side, by the ary-epiglottic fold 
which extends from epiglottis to ary- 
tenoid. Slightly in front of the apex of 
the arytenoid cartilage, which is sur- 
mounted by the corniculate cartilage^ is 
the rounded end of the cuneiform car- 


ST-PH. 

9^-HY 



INTR.LAR.N. 
THYR. CARTL. 
ARYTENOIOCUS 


CR.-ARY. POSTa 

RCC.LAR.N. 


Fia. 724. The muscles of the pharynx, from within. 


The * Laryngeal Pharynx lie.s behind 
and around the freely projecting upper 
end of the larymx. The inlet of the 
larynx ia oval and obliquely placed. In 
front it is formed by the free, curved 
upper end of the epiglottis; behind, by the 
mucous membrane clothing the apices 
of the arytenoid cartilages and the Ary- 


iilhge. Three folds of njucous membrane 
leave the epiglottis: one, the glosso- 
epiglottic fold, connects it in the median 
• plane with the back of the tongue; one 
on each side, the pharyngo-epigloitic fold, 
connects it with the pharyngeal wall. 
Between these three folds are two finger- 
tip depressions, the valleculae! Behind 
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the pharyngo-epiglottic fold on each side 
there is a space, the piriform fossa, which 
is bounded by the thyroid cartilage and 
thyrohyoid membrane laterally and by 
the wall of the larynx medially. On the 
posterior wall of the pharynx numerous 
lymphoid follicles are scattered. They 
may become enlarged. 

Exposure of the Internal and Re- 
cruRENT ^Laryngeal Nerves. These 
two nerves, being submucous, are readily 
exposed. The internal laryngeal nerve, 
having pierced the thyrohyoid membrane, 
runs transversely in a fold across the front 
of the piriform fossa ; it is a sensory nerve. 
The recurrent laryngeal nerj^e runs verti- 
cally applied to the back of the crico- 
thyroid joint. Ii.is a mixed nerve which 
supplies all the muscles of the larynx except 
the Crico-thyroid. (See pp. 765 -766.) 

t 

The Bisected Head^ Orientation of 
THE Bisected Head (figs. 725, 746). 

Having sawn through the skull on the nght 
side of the median sagitial plane, and thereby 
divided it into right and left halves, orient the 
section as though it were in the erect posture 
Recall that in the quadruped the fora?nvn mag- 
num looks backwards, in the ape and in primi- 
tive (Neanderthal) man dowrpv.irds with \ 
slight inclination backwards and in modern 
man downwards Aith a slight inclination 
forwards. Clean the margin ui the foramen 
and so hold the specimen that the antero- 
median point of )he foramen (basion) is 
from one to five mm. higher than^the postero- 
median point (opisthion). 

When so oriented, the hard palate is 
seen 4^ be almost horizontal and its 
plane, if produced backwards, usually 
strikes the vertebral column just below 
the foramen magnum. 

Exploration of the Spheno-palatine< 
Foramen. Push the end of a seeker 
through tn mucous membrane and 
lateral wall of the nasal cavity at a point 
just above the middle concha and a 


quarter of an inch in front of its posterior 
end. ' This point is flush with the under 
surface of the body/of the sphenoid bone. 
The liole entered is called the spheno- 
palatine foramen because the sphenoid 
ounds it above and the palatine bone 
ounds it in front, below, and behind. 
The chief vessels and nerves of the nasal 
cavity pass through this foramen; so, in 
a sense it is the “porta^^ or door of the 
nasal cavity (figs. 742, 728). 

Substitute a* long straight needle for the 
seeker and force it horizontally through the 
foramen; and, for purposes of orientation, ob- 
serve that it traverses the pterygo-palatine and 
infratemporal fossae and strikes the zygomatic 
arch far forwards. 

Recall that before*the palate appeared 
the nasal and oral cavities were one, the 
stomodaeum, and that th» greater part of 
its side wall developed in the maxillary 
process, the nerve supply of which was the 
ina^illary nerve (V^). Subsequently this 
nerve becomes the nerve of the palate 
also. 

When studying the infratemporal fossa, 
the third part of the (internal) maxillary 
artery was seen to di.sappear into tlie 
pterygo-palatine fossa. There it meets 
the maxillary nerve and breaks up into 
branches which accompany the branches 
of the maxillary nerve through various 
foramina including the sphcno-palatine 
andigreater and lesser palatine. 

The Under Surface of the Palate. 
The anterior two-thirds of the palate is 
called the hard palate because its frame- 
work is the bony palate; the posterior 
third is called the soft palate because it 
is composed of muscles and soft tissues. 
At its anterior part are several rudi- 
mentary ridges. In most mammals these 
are numerous and prominent and against 
them the tongue triturates food. . Pin- 
point orifices of the ducts of mucous glands 
are dotted over the hard palate, giving it 
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an orange-skin appearance, and they are 
abundant over the soft palate. * 
Piercing the bony^ palate medial to the 
third molar tooth is the greater palatine 
foramen. It lies almost vertically below 
the spheno-palatine foramen. The greater 
palatine vessels and nerve emerge fro^h 
this foramen and run forwards in two 


should be made to penetrate the mucous 
membrane of the palate abreast of the 
second molar tooth and it should be 
pushed upwards and backwards until its 
tip slips over the rounded anterior margin 
of the foramen. 

There is, of course, no muscle imder 
the hard palate it could there have no 
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Fig. 725. The bisected head — left side. 


grooves, separated by a sharp crest, on 
the under aspect of the bony palate near 
the alveolar margin. It follows on gen- 
eral - principles that the anterior margin 
of the greater palatine foramen must be 
smooth and rounded (cf. infra-orbital, 
mental, anterior sacral foramina, and 
medullary foramina of long bones). 
Therefore, to find the foramen a seeker 


function. The brown tissue seen there is a 
ctirpet of racemose mucous glands, which 
becomes much thicker under the soft 
palate. The periosteum adheres more 
, intimately to the mucous membrane than 
to the bone; hence, the two are referred to 
as muco-periosteum* 

0 With the aid of the handle and point of the 
knife, ease the muco-periosteum oCf'the palate. 
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First make a transverse cut through the thick* 
ness of the tissues of Ihe palate, beginning 
just behind the point at which the seeker was 
inserted into the greater i)alatine foramen and 
ending at the saw’ii edge in the middle line. 
Be sure to keep the cut i" in front of the pos- 
terior sharp border of the liard palate, thereby 
avoiding injury to the jialatine ajionourosis 
wliich is attached to, and is continu(His> with, 
this sharp bolder. N^)W', witli the rounded 
handle of the knife, ease an anterior Hap of 
inuco-periosteum olT tlie liaid palate as far 
laterally as tfie alveolar margin, and free the 
vessels and nerve issuing from the greater 
palatine foiaivcn and passing lorwaids If. 
in dealing with the soft palaie, you begin at 


GlobutLcxr process 



Fn. 72h 'Tin* p;d.i((‘ di‘\ * ln|>-> I hm’i I '! eh < - 
antei mm , i ighi , and !(*• I 


the lateial end of the transviM'^e eui and ea-se 
the imico-perM^sUMHU from till tli >. immg 
i" of the hanl p.dale, \oii will l>( eondmtfd to 
a plane b('ne;ith the pilanne af>on'*ui and 
so will avoiti injunngrit, you turn dov u a 
posterior flaf). On encoiinl (uing mps^ le in the 
soft palate, you will re(iuire the assistaiue of 
the point of the knife • 

The palaliiie aponeurosis in wliich the 
bony palate ends is the pliable basis 6f 
the soft palate; it may be resarded as its 
unossified skeleton. 

t 

Piercing the bony palate behind the 
incisor teeth is the incisive canal. This 
canal runs^tween two developmental 
areas (J ) the primary palate whi<*h de-^ 
veloped from the globular (fronto-nasal) 


process and ^^hieh is part of the premaxilla 
or bode hearing the incisor teeth {fig. 
720); aiul (2) the secondary palate which 
devtdoped from the right and left maxil- 
lary processes. A process of the nasal 
septum (the voiikt) descends into the 
incisive canal dividing it into right and 
lt‘fl sideft. Tliroiiali each side a liranch 
of the (jnalir palatine artery ascends to 
anahtoniose on the nasal septum nith the 
long sjdieno-palatine (naso-palatine) ar- 
tery, and the It^uy .s phono- palatine nerves 
descend through the hinder fiart of the 
<‘anal to the undcT surface of the pre- 
maxilla. This canal is patent in lower 
animals (tlie (*ow) and is known as the 
incisive duct Tt aiiparenllv allows Ihe 
odors ol tood in the inoiilh to aM*eiid to 
ihe nasal cavities, tlier(‘ to stimulate* the 
naso-\ onioriiK* nrqan of Jacobson -an in- 
\ cited lul)(‘ of inucdiis luemhrani' stili\‘nt‘d 
l)v a SCI oil or ( art ilui^e* which pruj(*cls li’orn 
eij(*h side ot Ihe M*|>hau a little al)o\e I he 
Ofieninc of die dui't and n'e('i\es a 
brnm*}i ef die oifacli'rv ner\<'. The 
oigaii pi(‘'C*nr io man a( tlie linn* of 
birt b 

tbiekiiess ol (he pnlnU due 
to gland^ and lo a sinalii'r f'vtenl to 
muscles; its stn'ngtli depends ujxm the 
aponeaiiex IS which occujiit's its anterior 
hall. A stitch will t(‘ar llirough muscle 
and gland; so, the jialatine afioneurosis 
shoulj be inekuled in the grij) of a stitch 
that is intended to hold. 

Exploration of the Greater Palatine 
Canal. Situated to I" behind the 
posterior end of tlu* inferior nar.al concha 
is the orifife of tlie ])haryngo- tympanic 
tula* This orifice rests against th(* pos- 
lerior edge of the medial pterygoid lamina 
which^ th(*iefc)re, is also 3" to }" behind 
tlie inferior concha. The posterior edge 
of this lamina is taken as the boundary line 
betwe(*n the nasal cavity and the naso- 
pharynx. 
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Incise the muco-periosteum of the nose along 
the line joining the sphcno-palatine ayd the 
greater palatine foramina. The fleshy tips 
of the middle and inferior conchae will be 
severed because they extend backwards on to 
the vertical plate of I be palatine bone, and the 
knife will be arrested below by the horizontal 
part of the palatine bone. Then, with tl^g 
handle of the knife strip back the inucoperios- 
teuin for the rc<pnsite third of an inch, in order 
that the entire medial aspect of the medial 
pterygoid lamina may be exposed and its 
posterior border, which gives attachment to 
the pharyngo-basilar fascia, defined. 

Pass a long needle into the»greater palatine 
lorainen and upwards through the greater 
palatine canal and pteiygopalatine fossa to 
the level of the spheno-palatine foramen and 
leave it in situ. Then, with a strong probe 
proceed to break down the delicate intervening 
liortion of tin- lateral wall of the nose formed 
by the vertical plate of the palatine hone. This 
(•xi)Oses the greater palatine nerve and artery. 

The norv(t is to lx* followed to the apheno- 
palafiric (janf/lion wliic’h liuiigs from the 
inaxilhiry nervo tp, 7^'X.))\ the artery, be- 
ing a branch of the maxillary arfery, 
naturally lies lateral to the nerve. 

Between the greater palatine foramen 
and the hamulus is the tubercle (py- 
ramidal j)rocc>'s) of the palatine bc¥ie. 
It is pierced by two small foramina, the 
lesser palatine foramina, which transmit 
the lesser palatine vessels and nerves to 
the neighborhood of the soft palate and 
tonsil. 

The Palatine Tonsil {fgs, 727, S29), 
The tonsil resembles an ovary in shape 
and size. It is embedded in the side 
wall of the pharynx in the triangular 
interval between the palato-glossal and 
palato-t)haryngcal arches and the pos- 
terior third of the tongue. An upper and 
•a lower fold of mucous membrane (plica 
semilunarris and plica triangulari.«!) may 
extend from the palato-gJossal arch back- 
wards over its anterior part forming an 
upper and a lower pocket. 


Proceed to remove the tonsil. Begin by in- 
cising the mucous membrane along the palato- 
glossal arch, and then with the point and handle 
of the knife free the upper part of the anterior 
border of tho tonsil. 

This is easily done because the rounded 
lateral aspect of the gland has a fibrous 
capsule which is separated from the 
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Fig. 727. Dissection of the palate and pala- 
tine arches. 


pharyngeal ^wall by ^a layer of loose 
areolar tisSue in which free dissection is 
readily made. 

If, as a result of tonsillitis, the areoli^r space 
is part obliterated and dissection difficult, 
prefer damaging the tonsil to damaging the 
pharyngeal wall. After setting free the an- 
terior part of the tonsil, shell out the upper 
*pole which extends upwards into the soft 
palate beyond the arches, and is there buried. 
Then free the posterior border. Working al- 
ways in the areolar space, detach tho rest of 
t*he gland (i.e., lower pole and lower part of 
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anterior border where the gland ia most ad- 
herent) . 

The upper pole of the tonsil is, then, 
buried in the soft palate. The lower 
pole is continuous with the l3mQphoid 


identified microscopically. The epithe- 
lium lines the crypts also; and surround- 
ing the crypts are^ spherical germinal 
centers from which cells wander through 
the walls of the crypts into their lumina. 
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Fio. 728. Disaection of under surface of palate! Exploration of greater palatine canal. 


follicles on the dorsum of the tongue, 
collectively called the Ungual tonsil ; 
this* pole is not visible in life unless the 
tongue is depressed. A prominent an- 
terior pillar may largely conceal even an 
enlarged tonsil. 

The lower part of the tonsil is moored 
to the tongue by a fibrous baud and by 
some muscle fibers which help to prevent 
it from being swallowed. These and the 
vessels and nerves, which enter near the 
lower pole, must be severed duriiig the 
removal of the tonsil. 

When the tonsil has been enucleate^l, 
make a section through it and observe 
the white test-tube-like crypts that extend 
from its free surface almost to the very 
capsule. Tonsils arc the only lymphoid 
organs cov|Jed with stratified squamous 
epithelium^ and by this fact they can be 
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Fio. 729. The tonsil, medial aspect. 


The Tonsil Bed. Lateral to the loose 
areolar tissue surrounding the fibrous 
capsule of the tonsil there are three thin 
sheets — one fibrous and two fleshy — 
which constitute the tonsil bed. From 
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within outwards they are (1) the phar- 
yngo-basilar fascia (now lying exposed) 
which forms a complete filmy sheet, and 
(2) the Palato-pharyngeus and (3) the 
Superior Constrictor both of which are 
deficient below (Jig, 730). A large v^, 
the paratonsillar vein, descending from 
the soft palate and receiving tributaries 
from the tonsil, pierces the lower part of 
the tonsil bed to join the pharyngeal 
plexus; it is not likely to be seen, unless 
engorged. 

Two structures passing to the tongue, 
(1) the Stylo-glossus and (2) the glosso- 
pharyngeal nerve, form immediate lateral 
relations of the lower third of the tonsil 
bed. 

They are to be exposed and cleaned by re- 
moving the thin fascial sheath which alone 
covers them hare, the muscle sheets having 
faded off into delicate arched borders. 

The Styloglossus ’is a broad thick 
muscle band that commonly stan<^ c*it 
in relief as it passes downwards, medially, 
and forwards to the horizontal part of 
the tongue (i.e., the anterior f). The 
Glossopharyngeal Nerve is larger than 
the internal laryngeal nerve and is pEced 
far back ; on appearing from under cover 
of the lower arched borders of the muscle 
sheets, it passes downwards, medially, 
and forwards to spread out submucously 
over the vertical part of the tongue (i.e., 
the posterior J). Look for it immedi- 
ately lateral to the palato-pharyngeal 
arch, two-thirds of the way down the 
tonsil bed. 

The posterior belly of the Digastric and 
the submandibular gland with the facial 
artery arching over them are lateral rela- 
tions of the lowest part of the bed — 
they should be exposed now. Further * 
laterally are the Medial Pterygoid and 
the angle of the jaw — but these will be 
seen later. 


Vessels and Nerves of the tonsil. 
They are : the tonsillar branch of the facial 
artery; veins which pass through the tonsil 
bed to the pharyngeal plexus of veins and 
to the common facial vein ; lymph vessels, 
which pass through the bed to a deep 
cervical gland below the angle of the jaw; 
and nerve twigs from nerve IX. The 
lesser palatine nerves (N. V^) also supply it. 

The bed receives arterial t^Jigs from the* 
tonsillar and ascending palatine branches of 
the facial a., the dorsales linguae aa., 
ascending pharyngeal a., and lesser palatine 
aa. In the event of haemorrhage, they 
are controlled by tying the external caro- 
tid a. at its prigin. 

The Hyoid Bone. No muscle crosses 
the hyoid bone ; so, iUis subcutaneous in 
the neck and submucous in the pharynx. 
This makes it an important landmark 
(figs. 725, 795). 

Pull backwards the epiglottis and* incise the 
mucous membrane along the body and greater 
Jio’rn of the hyoid down to the bone. The in- 
cision will pass between the epiglottis and the 
tongue, across the valleculae and the glosso- 
epiglottic and pharyngo-epiglottic folds. To 
get free exposure carry the incision along the 
greater horn to its tip and beyond this to the 
median plan^; then strip the mucous membrane 
from the pharyngeal wall upwards over an 
area extending from the level of the back of the 
tongue below to the level of the soft palate 
above. Find the lesser hori^ which till after 
middle life is cartilaginous, and carry the point 
of the kniffi upwards and backwards along the 
anterior free edge of the stylohyoid ligament 
towards the styloid process of the temporal 
bone, but stop at the curved lower border of 
the Palato-pharyngeus. 

These 3 structui-es — the styloid proc- 
ess, the stylo-hyoid ligament, and the^ 
lesser horn — are derivatives of the carti- 
lage of the 2nd visceral arch. Since the 
M. Constrictor takes origin in the angle 
.between the two horns of the hyoid and 
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the lower end of the &t>lo-hyoid ligament, 
it also is submucous at its origin. Being 
fan-shaped, its borders curve up and 
down ; and along its uppoi border runs the 
I X nerve A few deep fibers of the Ilyo- 
glossus f)ass from the cartilaginous lesser 
horn to the tongue hence called tlie 


posteripi border of the Hyoglossus where 
it IS superficial to the lingual artery. 

The Palato-glossu^and Palato-pharyn- 
geus. f)n freeing the mucous membiane 
from the palato-glossal arch, the Palate- 
glgssus is displayed as a small bundle of 
fibers that extends from the soft palate 
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Fio. 730. Two stages in the dissection of the side will of the pharynx from within, showing 
particularly the relations of the todsil bed (By Dr B Iv Guyatt ) 


Chondroglossus— and when removed, the 
lingual artery and the Hyoglossus are in 
view. The Hyoglossus arises from tHe 
whole length of the greater horn. It is 
.crossed on its medial surface by the lin- 
gual artery and on its lateral surface by 
the hypoglossal nerve. Though the 
nerve shoul^not bo disturbed just now, 
its thick trunk should be identified at thet 


above, where i(s fibers mingle with those 
of the opposite side, to the tongue below, 
wdiere the fibers enter as transverse fibers 
A more or less circular sphincter is thus 
foiincd which guards the entrance to the 
pharynx, called the oro-pharyngeal isthnivs 
(isthmus of the fauces). 

Strip the mucous membrane from the upper 
surface of the soft palate and from the whole 
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naso-pharynx up to the level of the pharyngO' 
tympanic tube, thereby exposing the«Palato- 
pharyngeus. 

The Palato-pharyngeus is to be re- 
garded as a delaminated portion or de- 
tached inner sheet of the S. Constrictor 
which has been called into being with ftie 
appearance of the palate. 

A palate is peculiar to mammals in- 
cluding man. Mammals require lips 
with which to grasp the nipple of the 
mammary gland— othcr\;risc they could 
not suck. Equally, they require an ex- 
tensive hard and soft palate with which 
to shut off the nasal cavities and naso- 
pharynx when sucking — otherwise air 
would be inspired with greater ease than 
milk could be imbibed, as happens in 
children born with cleft palates. With 
the appearance of the palate new muscles 
are not called into being but pre-exist- 
ing ones are modifi^d. These may be 
derived cither from the immediate ncig^h- 
borhood or from a distance. The mus- 
cles may, so to speak, be native or immi- 
grant, All the muscles of the soft palate, 
save one, are native. They belong to 
the same group as the S. Constrictoi^and 
have the same nerve supply, the accessory 
nerve via the pharyngeal plexus. The 
Tensor Palati is the immigrant ; its 
nerve comes from the mandibular nerve 
(V*) via the otic ganglion. 

Traced upwards the Palato-pharyngeus 
is found to separate into three distinct 
parts — tubal, palatine, and tonsillar. Its 
tubal fibcrSf the Salpingo-pharyngeus, 
form a slender bundle that ascends in the 
salpingo-pharyngeal fold to the lower 
edge of the cartilage of the pharjmgo- 
tympanic (auditory) tube.' Its palatine 
fibers spread out in the posterior two-, 
thirds of the soft palate. Its tonsillar 
fibers spread out within the tonsil bed. 

Traced downwards the Palato-pharyn- 


geus spreads out so as to form an almost 
complete inner sheet of muscle in the 
lower parts of the pharynx; some fibers 
pass to the posterior border of the thyroid 
cartilage and some to the hyoid. 

The posterior edge of this muscle is easily 
identified because its fibers run nearly ver- 
tically whereas those -of the Constrictor lie 
outside it and take a more horizontal course. 
Define and raise the posterior edge of the’ 
Palato-pharyngeus; divide it transversely at 
the level of the hyoid bone and dissect its 
severed ends up and <j[pwn. 

A little care is needed to avoid injuring 
the rounded Stylo - pharyngeus^ which 
passes through the hinder. part of the 
gap between S. and M. Constrictom and 
blends with the Pali^io-pharyngeus. 

Detach the tubal fibers from the pharyngo- 
tympanic tube; trace the palatal fibers into the 
palate; and i/ feasible, separate the tonsillar 
sheet of fibers from the more superficial S. Con- 
strictor and trace it forwards to the thread-like 
pterygo-mandibular ligament from which it 
•talces origin. Having freed the musdle, dis 
tard it. 

The origin of the Superior Constrictor 
is now unveiled. It is practically co- 
extensive witJc tonsillar part of the 
Pafato-phrjryngcus. It arises from the 
pteiygo-mandibular , ligament (raphe), 
which unites it to the Buccinator, and 
from the bony parts at both ends of the 
ligament, namely, the hamulus of the 
pterygoid plate above, and the mandible 
behiijd the third molar tooth below; and 
fibers join the tongue. 

,Tlie Side Wall of the Naso-pharynx 

The following have been observed : 

(1 ) The orifice of the pharyngo tympanic 

tube, J" to behind the inferior 
concha, 

(2) the pharyngeal recess, behind the ori- 

fice of the tube, and 
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(3) the naso-pharyngeal tonsil, on the 
posterior wall of the pharynx and 
extending into the recess. 

The following are now to be observed : 

(1) The upper border of the S Constric- 

tor, 

(2) the pharyngo-basilar fascia, 

(3) the Levator Palati and Tensor Palati, 

and 

' (4) 1 ho ascending palatine artery . 

All remaining mucous membrane is now to 
be removed fqjm the n^'iso-pharyiix. This is 
readily done unless adhesions, resulting from 
adenoids, have formed behind the tube. 

The Upp(ir Concave Border of the Su- 
perior Constrictor. The posterior nasal 
aperture is bounde^ by bone ; so, it cannot 
be closed. The Superior Constrictor 
makes no attempt to close it ; in fact, it is 
deficient here. Its upper b, order curves 
fr6m the hamulus and from the lowest 
linjit of ‘the free border of the media] 
pterygoid plate to the pharyngeal tubercle 
on the basi-occipital. 

The Pharpngo-basilar Fascia, which 
represents a submucous coat, closes the 
gap between the upper border of the S. 
Constrictor, the medial pterygoid plate, 
and the base of the skull. It suspends 
the pharynx from .the base of the skull 
and, accordingly, it is stronger there than 
lower down. The tube, Levator Palati, and 
the ascendthg palatine artery pass through 
the gap. 

. The Phaiyngo-tympanic Tube (jVudi- 
tory tube of Eustachius) is developmen- 
tally continuous with the tympanum and 
tympanic or mastoid antrum ; so, its direc- 
tion is backwards, laterally, and slight’y 
upwards towards the mastoid process (Jig 
*768). A bristle passed along it in this 
direction for inches appears through 
th|.anterior Aall of the tympanum. Fluid 
syringed through the nose is in danger of , 
entering the forwardly directed mouth of 


the tube and of travelling to the tym- 
panum'. This, indeed, is the route by 
which infections spread from the throat 
to the middle ear. 

The medial inch of the tube is car- 
tilaginous-, the lateral half inch is bony. 
T^ie narrowest part, called the isthmus, 
is where bone and cartilage meet medial 
to the spine of the sphenoid. It is 2 to 3 
mm. high and 1.0 to 1.5 mm. wide. 

The cartilaginous part occupies the 
fissure between ^he petrous bone and the 
greater wing of the sphenoid. The carti- 
lage of the tube is curved like an inverted 
J, but it forms only the upper and medial 
walls of the tube; the lower and lateral 
walls are membranous. Except at the 
funnel-shaped mouth or pharyngeal orifice, 
the membranouvs lateral wall is applied to 
the cartilaginous medial w’cll, so that the 
lumen is closed to form a vertical slit. 
The mouth is firmly bound to the pos- 
terior border of the Medial pterygoid plate 
and there rests on a projecting spine. The 
Levator Palati runs submucously below 
the mouth of the tube, raising its floor. 

Function. When relaxes!, the slit-like 
lumvn of this air duct is closed, but during 
the yet of swallowing and also of yawning 
and of sneezing, though apparently by no 
other natural means, it is opened reflexly 
through the action of the Tensor Palati 
(Rich). As a result, the atmospheric 
prcssiv^e on each side of the ear drum is 
maintained in equilibrium. While awake, 
one swallows once every minute; while 
asleep, once every five minutes (Graves 
aild Edwards). Hence, while ascending 
and descending in an aeroplane be awake. 

Nerve Supply. Via its tympanic branch 
the glossopharyngeal nerve (IX) is sen- 
isorv to the tube, and via its pharyngeal 
branch it is sensory to the mouth of the 
tube. Peri aps the pharyngeal branch of 
the maxillary nerve (V^) sometimes sup- 
plies the mouth. 
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The Levator Palati and Tensor Palati 

arise close together from the base^Df the 
skull, one on each sii^e of the tube. Both 
muscles descend to the soft palate, the 
Levator to elevate and pull backwards the 
posterior part, the Tensor to depress and 
render tense the anterior part, and alSo 
to open the tube. 

The Levator Palati is as stout as a lead 
pencil. It arises from the under surface 
of the petrous bone in front of the carotid 
canal. It runs beneath the whole length 
of the membranous floor of the tube and, 
therefore, accompanies it downwards, for- 
wards, and medially and across the upper 
border of the S. Constrictor. Below the 
mouth of the tube it enters the upper 
surface of the soft palate and there spreads 
out to join its fellow and the palatine 
aponeurosis. ^The ascending palatine 
branch of the facial art'ery accompanies it 
into the soft palate. *• 

Pass the handle of the knife between tfte 
Levator and tlie tube, and separate them. 
Free the tube from the pterygoid plate and cut 
it short. Remove the pharyngo-basilar fascia 
and expose the origin of the Levator. Divide 
the Levator. Pick away some fat and ejyiose 
the Tensor. 

The Tensor Palati is thin and fan- 
shaped. Its origin extends from the spine 
of the sphenoid to the scaphoid fossa at 
the root of the medial pterygoid plate. It 
also arises from the whole length of the 
membranous lateral wall of the tube. It 
descends lateral to the S. Constrictor and 
medial pterygoid plate to below the level 
of the hard palate. Then, after picrcifrg 
the attachment of the Buccinator to the 
pterygo-mandibular lig., it utilises the 
hamulus as a pulley and takes a recurrent 
course to its insertion into the palatine* 
aponeurosis. 

The Tensor must on principle be ten- 
dinous where it turns around the pulley; 
and on principle there must be a bursa to 


facilitate the play of the tendon on the 
pulley. These conditions are similar to 
those encountered by the Obliquus Oculi 
Superior at its pulley. 

The hamulus, or hook-like lower end of 
the medial pterygoid plate is, then, a 
pulley around which the Tensor Palati 
takes a recurrent course. It is situated 
about half an inch 'behind the greater 
palatine foYamen. It can be palpated in • 
life from the mouth T>y pressing upwards 
immediately postero-medial to the maxil- 
lary tuberosity. This points is a little in 
front of the palato-glossal arch. 

Trace the Tensor throughout. 



Fig. 731. The palate |on sagittal section. 

Review 'of the Soft Palate. It is 

a general principle that free surfaces that 
are subjected to friction, pressure, or 
other rough treatment arc lined with 
stratified squamous epithelium. The un- 
der aspect of the soft palate comes into 
contPict with food, and the posterior part 
of its upper surface strikes the posterior 
pha^ngeal wall during the act of swal- 
lowing; so, these parfs are lined with 
stratified squamous epithelium. The re- 
mainder of its upper aspect is lined with, 
ciliated epithelium^ as is most of the nasal 
cavity and naso-pharynx. 

A thick carpet of racemose mucous 
% glands covers the under surface of the 
soft palatq (jig. 731). 
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It is important to note that the an- 
terior one-third of the soft palate is 
apomurotic and the posterior two-thirds 
fleshy; but it is not important to know 
the detailed arrangement of the fleshy 
fibers by layers. There is, then, a bony 
palate^ an aponeurotic palate, and ti fleshy 
palate. The aponeurosis is continuous 
in front with the sharji, posterior border 
Of the hard palate, and laterally with the 
jjharyngo-basilar fascia. In essence, it 
is the aponeuroses of the two tensor mus- 



Fia. 732. The inusclc.s of the >ofi 
5 oij L.'icli side 


clcs, though the other j)Mlatine iimseles 
gain partial attachment to it. 

The muscles, 10 in number, ar#. paired: 
Tensor Palati and Ijevator Palati, ]\Ius- 
eulus Uvulae, Palato-glossus and Palato- 
phar>mgeus. 

The two Museuli Uvulae arise besidd 
the posterior nasal spine and, like two 
closely applied fingers, they descend near 
the dorsum of the soft palate iiito the 
uvula, which ^ey stiffen when they con- 
tract (fig. 73 

Vessels and Nerves of the Phaiynx 
and Soft Phlate. The pharynx is sup- 


plied by the ascending pharyngeal a., the 
soft palate by the ascending palatine 
branch of the facial and the tonsil 
by the tonsillar branch of the facial a. 
These anastomose with each other and 
with the lesser palatine and dor sales lin- 
gui.c aa. The naso-pharynx also receives 
the pharyngeal a. and the artery of the 
pterygoid ra7ial which are branches of the 
maxillary a. 

Veins go to the pharyngeal plexus, and 
thence to the internal jugular vein. 

Lymph vessels pass to the upper deep 
cervical glands; those from the naso- 
pharynx pass to glands Ixjtwecn . the 
pharynx and the prevertebral fascia; 
those from the tonsil to a gland beliind 
the angle of I he jaw. 

Motor Serves, Nerve XI (through the 
vagus) via the pharyngeal |)Jexus supplies 
all I lu' pharyngeal and soft palate muscles, 

oxcnpl 

^ !Stylo-ffiiaryng'('u.s (ruTve fX) 
\Tensor Palati (nerve V®J. 

Th(‘ external and r(‘current laryngeal 
l)ranrh(‘s of tin* \agus alsf> supply Inf. 

( ’on^tnetor. 

77«’ Sf’usory Menu of tla^ ))harynx, in- 
‘‘Inding lla^ S(;ft palal-e and tonsil, is the 
glosso-pharyngeal (IX). Hut the maxil- 
lary nerve (V^), via pharyngeal br., 
.supplies the roof ol the [)haryrix; and, via 
the lesser palatine nerves, helps to supply 
the .sof^, j^alate and the adjacent part of 
the tonsil, ddie vagus (X) via the hit. 
laryngeal nerve, supplies around the en- 
tram^o to the larynx (fig. 733). 

Mechanism of Swallowing. The lips 
are closed and the Buccinators com- 
prc.ssed against the teeth. The lingual 
muscle.s pa.ss the bolus of food to the base 
of the tongue. The Genio-hyoids raise 
and pull forwards the hyoid bone. The 
Mylo-hyoids force the tongue against 
the palate and with the Stylo-glossi 
siioot the bolus past the palatine arches 
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which by contracting narrow the entrance 
to the pharynx (i.e., oro-pharyng€5al isth- 
mus). The Constj^ctors force the bolus 
onwards and the Stylo-pharyngcus and 
Palato-pharyngeus draw the pharynx 
over it. 

In the meantime 2 apertures are olosfed 
and 2 are opened : 

(1) The entrance to the naso-phaiynx 
(i.e., pharyngeal isthmus), rendered nar- 
rower by the contracting pharyngeal mus- 
cles, is closed by the ^evatores Palati 
which draw the soft palate upwards and 
also backwards so that its upper surface 
is pressed against the wall of the narrow- 
ing pharynx. Lubricating mucus is nec- 
essary to render the isthmus air-tight. 
(Contrast the effetjtiveness of a hand 
pump when tlie plunger is wet and when 
dry.) 

(2) The Tensoros Palati now open the 
pharyngo-tyrupnnic rubes; and, no doubt 
they also render taut the anterior parts 
of the soft palate. 

(3) The entrance to the lar 3 mx is closed 
by the sphincter muscles (Arytenoid, Ary- 
epiglol ticus, and Thyro-arytenoid) which 
tilt the apices of the arytenoid cartilages 
against the cushion of the epiglottis; and 
further, it is drawn upwards and forwards 
under shelter of the protecting base of 
the tongue. The epiglottis does not close 
like a lid on the larynx — in some animals, 
e.g.,'tfie bear, it is much too shorj to do 
so — ^l)ut remains erect. 

(4) The Crico-pharyngeus now relaxes its 
guard over the oesophageus to let food 
pass. 

C^ut away the soft palate, trace the 
S. Constrictor to the somewhat indefinite 
pterygo-mandibular ligameht which con- 
nects it to the Buccinator. Detach the, 
S. Constrictor but leave the M. Constric- 
tor intact and trace the Stylo-glossus and 
Stylo-pharyngeus to their origins from the ^ 
tip and medial aspect respectively of the 


styloid process. Remove some fatty tis- 
sue, follow the facial artery over the sub- 
mandibular gland. Observe the Medial 
Pterygoid passing downwards, laterally 
and backwards, and the lingual and 
mylohyoid nerves appearing at its ante- 
rior border. 



Fir.. 783. The sensor v (lis<*rihulioii of the 
glossopharviiRcal nerve (After Kd wards.) 


THE MOUTH, TONGUE AND TEETH 

The Inspection and Pal- 

pation. The cavity^ of the mouth has 2 
parts — a vestibule and a cavity 'proper. 
These are separated from each other b 3 ’’ 
the teeth, alveolar processes, and gums; 
and they communicate with each other 
on each side through a space between the 
last molar teeth and the ramus of the 
mandible. 

» The Vestibule is bounded externally 
by the lips and cheefes. It opens on to 
the skin surface at the aperture of the 
mouth . ' The upper and lower lips ar6 
attached to the jaws in the median plane 
by folds of mucous membrane, the 
frenula of the lips. The constricted ori- 
fice of the parotid duct opens opposite 
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the 2nd upper molar tooth, but is hard 
to see. 

The Lips have [ hiycas : cutaneous^ mus- 
cular^ glanddlar, and mucous^ and an arte- 
rial (‘iirle between the muscular and 
glandular layers. The pulsations of the 
arterial circlCy formed by the upper and 
loner labial branches of tlic facial artery, 
can 1)0 felt on grasping the lip between the 
• finger and thumb. The (flauds can be felt 
with the tiif of the tongue and can be seem 
wh(‘n th(' lip is everted. The cheek has 
the same 4 layers as die lips together with 
the buccal pad of fat, molar glands, and 
bucco-pharyngeal fascia. Where the fa- 
cial artery crosses from lower to upper jaw, 
it is applied to the Buccinatbr an inch or 
less from the angle of the mouth, and its 
pulsations can be telt between the finger 
and thumb. 

With the index finger in the vestibule 
paljxiie (a) the Mentalcs, passing from 
lower incisive fossae to the skin of the 
chin; (b) the lower border of the zygo- 
matic process of the inavilla and of th(^ 
zygomatic arch, and the facial and infra- 
temporal surfac(‘S of the maxilla; (c) the 
anterioi' border of the ramas of the jaa\ 
tracing it to the coronoid process and in 
the tendon of the Temporalis ;*and (d) thi' 
j^fasseter, whicli if? rendereil prominent 
when the teeth are alternately clenched 
and relaxed. 

Ni rve Supply, The 7notor nerve is the 
facial. When it is ])aralyzcdi llie lips 
cannot be moulded to whistle, an(| food 
collects in the vestibule. Sensory: The 
skin and mucous surfaces of the upper 
lip, lower lip, and cheek near the angle of 
the mouth are supplied by the infra-orbital 
(V^), mental (V^), and buccal (V®) nerves 
'respectively. Lymph vessels (p, 776). 

The Cavijy Proper of the Mouth 
is roofed in 1% the hard and soft palates. 
The anterior f of the tongue rises from^ 
the floor and cod ers the structures on the 


sides and front of the floor, known as the 
sublinl^al region. The soft palate ends 
mcdianly in the utfula. Two folds on 
each side arch downwards from the soft 
palate: the anterior fold, the palato-glossal 
archj ends at the side of the tongue and 
rtfarks the oro-pharyngeal isthmus or the 
entrance to the pharynx; on looking 
beyond it into the pharynx the posterior 
fold, the palato-pharyngeal arch, is seen 
to pass from the margin of the uvula to 
the side wall qf the pharynx. Between 
these two palatine arches and the pos- 
terior i of the tongue a portion of the 
palatine tonsil is seen, and on the posterior 
wall of the pharynx some lymphoid follicles 
may stand out. 

The Floor. Rising from the floor is 
the anterior f of the tongue; below the 
tongue on each side and ,in front is the 
sublingual region' The dorsum of the 
anterior two-thirds of the tongue is 
covered with pointed filiform papillae 
amongst which the globular head.s of 
fungiform papillat he, scattered like 
dai.«icH on a lawn. When the tongue is 
rai'^ed, its sides and under surface are seen 
to be smooth, • a median fold, the frenulum 
bnguuf, connects it to the floor of the 
mouth. The lingual vein stands out 
blue and prominent on each side. Lat- 
eral to it is a fimbriated fold. The orifice 
of the submandibular duct opens beside its 
fello^Y on the floor at the root of the 
frenulum . Running postero-laterally 
from the orifice is a rounded ridge, the 
plica sublmgualis, which overlies the 
upper border of the sublingual salivary 
gland. 

With the index finger palpate (a) the 
anterior border of the Medial Pterygoid 
lateral to the palato-glossal arch; (b) 
the tuberosity of the maxilla behind the 
3rd upper molar tooth; (c) the hamulus 
postero-medial to the tuberosity and 
below the level of the palate; (d) roll the 
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lingual nerve against the jaw medial to 
the root of the lower 3rd molar tooth; 
(e) grasp the tongue at the fimbriated 
fold and feel the pulsations of the lingual 
artery. 


the plica sublingualis and the tongue, and with 
the handle of the knife displace the gland later- 
ally. The extensive fan-shaped muscle dis- 
played » passing from genial tubercle to the 
tongue, is the Genio-glossus. There being no 
concealing fat, the structures within the 
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Fio. 734. Dissection of right side of floor of mouth. , 


Dissection of the Floor of the 

M0UT*f. 

• 

Pull the right half of the tongue medially. 
Incise the mucous membrane along the bottom 
of the furrow between the mandible and the 
plica sublingualis and, keeping close to the 
bone, prolong the incision backwards to the 
2nd molar tooth, and forwards to the frenulum 
(fig. 734). With the handle of the knife dis- 
place the sublingual gland (and with it the 
tongue) medially, but avoid injuring the 
lingual nerve which lies behind the' incision. 
The fossa on the jaw for the sublingual gland 
is exposed, and below it the origin of the Mylo- 
hyoid is seen. Next, incise the mucous mem- 
brane along the bottom of the furrow between 


mouth are readily displayed with the aid of two 
pairs of forceps and occasional touclies with 
the knife. ' 

The Sublingual Salivary Gland is en- 
veloped in a sheath of areolar tissue 
which like a mesentery fixes it to the 
flpor of the mouth. The artery' to the 
gland, the sublingual branch of the 
lingual artery, reaches it through the 
“mesentery”. Running diagonally across ' 
the medial aspect of the sublingual gland 
and adhering to it is the submandibular 
dvet. On teasing between the upper 
'border of the sublingual gland and the 
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plica, a row of a dozen short ducts is seen 
leaving; the gland to open on the plica. 

In front, the suhlingiuil gland is in con- 
tact with its fellow of the oppohitt* side. 

Behind, it at)Uls against the suhinau- 
dilm/ar (subniaxillary) sfdirarf/ (jland. 

La t ('rally, it ()ceupi(\s tin* suhlingiuil 
fossa of the jaw . 

Medially, the suhinandihular diK't and 
’Ihe lingual nerve pass hetwia*!! i( and the 
(Tcnioglossuj^ (and If^a^glossus). 

B(d()W’ it is the Mylohyoid. 

Comp VRT sov. 'riieWloor ol the mouth 
may he likened to the floor of the pelvis. 
Thiis - 


TIk* JilV^ 

Tlu' RVIlll)h>SI8 lliJ'lltl 

The \IyIoliyt)id 
^^)iu])ll^^lgIlla OriHj 

The t<»iigKe 

Tlih mucous iiicmbiiiiic 
and 

The space hetwoen^ 
tongtie and jaw 


t 111* 111]) fiorics. 
the* symphysis 
pubis. 

I he Levator Ani. 
(Diiipliragma 
Pelvis), 
llii^ tihiddei 
the peiiloneuiii 


- the letropubic 

space. * 4 

* 

The Lingual Nerve {Juj, /o’O i>Ktnch 
of nerve V^. It appears in the mouth 
from 'under (ajver of the S. Ckinstrieior, 
behind the last molar tooth, and has the 
chorda tyinpani incor{)orat(‘J with ii. 

When the S. Ckm.strictor is detached from 

• 

the pterygo-mandihular lig., tin' nerve is 
seen to be clamped to tin* ramu*' ot the 
jaw by the Medial litcrygoid. 

The lingual nerve passes fron? the lat- 


ci;al wall of the mouth, across the floor, 
to the side of the tongue. In its course 
it describes a spiral around the subman- 
dibular duct, lying successively abova^ 
laterally, below, medially, and above. 
Finally, it spreads out within the anterior 
'I of the tongue i^s the nerve of general 
sensation, its fibers ending mainly in the 
filiform and £|(igiform papillae. It also 
supplies the sublingual region, including 
the floor of ►the mouth and the gums. As 


it crosses the Ilyoglossus, two stout 
brandies pass between it and the sub- 
mandibular ganglion ^^see below^. (Also 
Jigs, 67S, (J92,. 744.) 

TIk Chorda Tympani, which joined 
the lingual nerve in the infratemporal 
fo^sa, contains secretory fibers for the 
submandibular and sublingual salivary 
glands and (aste fillers from the anterior 
J of the tongue; so, having efferent and 
afferi'nt fibers it may be called a mixed 
ner\(‘. The tiisit Jib(rs accompany the 
lingual nerve to the anterior f of the 
tongue wdieredihey end in the taste buds; 
their (*ell station is the geniculate , gan- 
glion. • The srcrctonj Jlhers are pregan- 
glionic parasympatlieti(‘ fibers wdiose eell 
station i-s the subniandihiilar ganglion. 

The Submandibular (Submaxillary) 
Ganglion is a parasympathetic ganglion — 
a relay station on* the course of the ef- 
ferent fibers of the chorda tympani. 
It is susijended from the lingual nerve 
by two roots and it lies on the Ilyoglossus 
medial to tlu* subiniindibular gland. 

The posterior root (or roots) brings to 
ll)(' ganglion secretory Jibers from the 
t'hojiila lympani and sensory Jibers from 
tlu* liVigual nerve, sympathetic fibers (vaso- 
constrictor) join it from the plexus on the 
facial artery. 

Branches of the ganglion are distributed 
directly to the submandibular gland and 
indirojtly to the sublingual glaiid; the 
branches to the sublingual gland travers- 
ing the anterior root to be distribut(?d via 
tlie lingual nerve. 

The Hypoglossal Nerve runs forwards 
between the submandibular gland and 
the Hyoglossus well below the lingual 
nerve. As it crosses the Hyoglossus, 

, fibers radiate to supply the extrinsic 
muscles of the tongue; at the anterior 
border of the Hyoglossus, it plunges into 
the tongue to supply the intrinsic muscles. 

Muscles. The Mylohyoids (right and 
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left) arise from the myloliyoid lines on the 
mandible and they are inserted into the 
body of the hyoid l^ne. Their anterior 
borders are united in a median i‘aph6 that 
extends from the sym])hysis menti to the 
hyoid. The two Mylohyoids constitute 
xhe'^Diaphragma Oris. 

Note the Myloliyoid has a free poste- 
rior border which indents the subman- 
dibular gland giving it a U-sliajie, just as 
tlu; Levator Palpebrae indciJits the lacri- 
mal gland. A small part, then, of the 
submandibular gland is in the mouth, a 
large part in the rie(*k. 

Nei^vc supply. - Thti mylohyoid branch 
of the mandibular nerve. (For further 
details see page^ (iilO.) 

TJie right and left Genioqlossi arise from 
the upper genial tuber(;les and, like two 
vertically placeil fans, i)ass backwards 
into the t-ongne theil* medial surfaces 
being in (!on(aet with each other. The 
right and left Geniohyoids arise from the 
lower genial tubercles and, like twolion- 
zontally placinl Ians, ])ass backwards to 
the body of the liyoid bone (Jig. 795 ) — 
their medial borders being in contact with 
each otiicr; they lie below the tongue. 

Ncroe supply. (lenioglossus by the 
hypoglossal nerve. Genioh^mid by C.l 
via the hypoglossal nerve. 

TONGUE 

Foidd AND Structuice. The topgue is 
a muscular organ concerned with mastica- 
tion, deglutition, speech, and taste. It 
has 2 parts- - an anterior f and a poste- 
rior 1. These differ topographically, de- 
velopmentally, structurally, functionally, 
in nerve supply, and in appearance. The 
anterior § rises from the floorof the mouth 
and hence is called the oral part (body); 
the posterior ^ forms part of the anterior 
wall of the pharynx and hence is called the 
pharyngeal part (root). The boundary 
between the oral and pharyngeal parts is 


marked on the dorsum of the tongue by a 
V-shaped line, the sulcus terminalis, which 
runs backwards on each side from where 
the palato-glossal arch joins the side of 
the tongue to a median pit, the foramen 
aecurn linguae. A mucous membrane of 
stratified squamous epithelium resting on a 
fibrous stroma, the tunica propria^ covers 
the dorsum or uppeV surface of both 
parts of the tongue, as well as the tip, 
lateral margins, and under surface of the 
oral part. It is firmly adherent except 
on the posterior tjiird of^Jihe dorsum 
where a ‘submucous coat is present. 



Two loosi?, median, crescentic folds of 
mucous membrane, one fore and the other 
aft, are attached to the tongue. The 
anterior fold, the frenulum linguae, passes 
from its under surfacq to the floor of the 
mouth aivl separates the orifices of the 
submandibular ducts; the posterior fold^ 
the ^osso-epiglotlic fold, passes from its 
dorsum to the epiglottis and separates the 
vulleculae. 

The Mucous Mcrrlbrane (fig. 735) 
covering the dorsum of the two parts is 
conspicuously different :^on the oral part ' 
it is covered with papillae and is velvety; 
on the pharyngeal parJL it is studded with 
tubercles between which it is smooth and 
glistening. The papillae are of four 
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varieties, called filiform, fungiform, val- 
late, and foliate. They consist of a 
fibrous core derived from the tunica 
propria, covered with stratified squamous 
epithelium. The filiform papillae are 
tapering and thread-like and are arranged 
in V-shaped rows that cover the dorsum 
of the oral part of the tongue. They con- 
tain touch corpuscles. Their epithelium 
• is scaly and in some animals (e.g., cat, 
cow) it is cfomified and is used as a rasp 
to grasp food. The fungiform papillae 
have globulaj heads <ftnd are red because 
the core is more vascular and the epi- 
thelium not scaly. They are scattered 
singly among the filiform papillae at the 
tip and margin of the ton^ie, but they 
do not rise above them The vallate 
papillae are circular, about 2 mm. in 
diameter, and are surrounded by a moat 
which is ?-3 mm. deep. Twelve or less 
in number, they also are arranged in a 
V-shaped row just in front of the sulcus 
tcrminalis. Their flat tops hardly rise 
above the general surface. The foliait 
papillae, rudimentary in man, are 3 4 
vertical folds at the hinder part of the 
side' of the tongue. Taste buds occur on 
most fungiform papillae, on the opposed 
sides of the foliate, and on l^oth walls of 
the vallate. They also occur sparsely on 
the soft palate, epiglottis, and posterior 
wall of the pharynx. Taste sensations 
(salt, acid, bitter, ,and sweet) are prob- 
ably also*mediated by free nerye endings 
>vithin the epithelium of these regions. 

'f he mucous membrane of the dorsum 
does not slip, because the tunica propria 
is continuous on the one hand with ihe 
cores of the papillae and on the other 
hand with the areolar tissue between the 
' muscle fibers of the substance of the ^ 
tongue. 

On the ptH^yngeal third of the tongue 
there are no papillae. The numerous 
tubercles • seen there are encapsuW 


lymphoid nodules, ’Each nodule sur- 
rounds a crypt, which receives the ducts 
of underlying jnucoys glands and opens 
conspicuously on the surface at the 
center of the nodule. The nodules are 
known collectively as the lingual tonsil 
They are indefinitely separated from the 
lower pole of the palatine tonsil. 

The mucous membrane on the under 
surface of the tongue is smooth, and the 
lingual vein shines purple through it. 
Lateral to the vein is the plica jimbriaia. 

The Anterior Lingual Gland (of Nuhn) 
is a cluster of mucous and serous racemose 
glands, half-an-inch long, situated gne on 
each side under the apical part of the 
tongue. It has a covering of longitu- 
dinal muscle fibers below it ; the terminal 
parts of the lingual artery and nerve 
run above it. 

The Muscular Substance comprises 3 
exlrinsic and 3 intrinsic muscles on each 
side -all supplied* by the hypoglossjil 
nerve. The fomier move the tongue 
bodily and alter its shape; the latter only 
alter its shape. 

71ie Extrinsic Muscles are — Genio- 
glos-sus, Ilyo-gJossus, and Stylo-glossus. 
'J'heir actions arc obvious. The middle 
afid posterior fibers of the Genio-glossi 
protrude the tongue ; the , anterior fibers 
withdraw the tip. The Stylo-glossi with- 
draw and raise the tongue. The Hyo- 
gloss^ draw the sides downwa^u^b and 
backwards. The Genio-glossi as pro- 
truders of the tongue are ^^safety 
muscles^\ and if put out of action — the 
result of paralysis, fracture of the jaw, 
partial excision in case of cancer, or 
during anesthesia — the tongue falls back 
and suffocation results. If only one 
Genio-glossus is paralyzed, the protruded 
tongue is thrust to the paralyzed side. 

The Intrinsic Muscles are — Ijongi- 
tudinalis, Verticalis, and Transversus. 
The longitudinal fibers are in part at- 
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tached posteriorly to the hyoid. bone. 
They form an incomplete outer cortex 
deep to the tunica propria. The trans- 
verse and vertical fibers decussate with 
them; so do the extrinsic fibers. 

Accessory Muscles, (a) The Palatn- 
glossus, supplied by nerve XI via the 
vagus, though primarily a palatine mus- 
cle, helps to narrow the oro-pharyngeal 
isthmus during the act of swallowing. 

(b) The Genio-hyoidy by pulling the hyoid 
or tongue-bone forwards, comes into play 
on swallowing, as you can determine on 
yourself by palpation. It is supplied by 
nerve ' C,1 via the hypoglossal nerve. 

(c) The Chondro-glosms is a slip of thellyo- 
glossus that arises from the cartilaginous 
lesser horn of the hyoid bone. 

Strangely there are areas of fat among 
the more posterior muscle fibers. The 
fibers are loosely bound together by 
areolar tissue and, so, are not hampered in 
action. The tongue has a median fibrom 
septum which is attached to the hyoid 
bone. It does not reach the dorsum. 

The Lingual Artery alone supplies 
the tongue. It arises from the external 
carotid between the superior thyroid and 
facial arteries, sometimes forming a short 
common stem with one or other. The 
origin is at the level of the greater horn 
of the hyoid; therefore, the artery is 
applied^ to the M. Constrictor, which 
separates it from the mucous memurane 
of the pharynx. On leaving the M. 
Constrictor, it continues its course to the 
tip of the tongue applied to the Genio- 
glossus* ftjs other relations are super- 
ficial ones. Naturally, it is very tor- 
tuous. In the carotid triangle it arches 
upwards and is crossed by nerve XII 
which arches downwards. . It passes deep 
to the posterior belly of the Digastric 
and ^Stylo-hyoid and enters the digastric 
triangle, where nerve XII crosses it 
again. It runs deep to the Hyo-glossus, 


which now separates it from nerve XII, 
and under cover of the anterior border 
of the Hyo-glossus, it ascends on the 
Genio-glossus. Finally, it runs tortu- 
ously deep in the furrow between the 
Genio-glossus and Longitudinalis In- 
ferior. 

In the last part of its course it is called 
the profunda akery. Its only anas- , 
tomosis with its fellow is at tlip tip of the 
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Fig. 736. The 3 extrinsic muscles of the 
tongue and their 3 bony origins. 


tongue; so, the tongue can be bisected 
almost bloodlessly. 

Branches. A suprahyoid tjvig; two 
dor sales linguae aa., which ascend deep 
to the Hyo-glossus to supply the pos- 
terior third of the tongue and anas- 
tomose in the tonsil bed (p. 730) ; numer- 
ous muscular twigs; and a sublingual a., 
which supplies the sublingual gland and 
floor of the mouth, and sends a branch to 
the frenulum; it anastomoses with the 
submental branch of the facial a. {figs. 
670y 668y 734)- 

3mall venae comitantes accompany the 
lingual artery, but the chief vein of the 
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tongue (the profunda vein) is the con- 
spicuous submucous vein. It follows 
nerve XII across the Hyo-glossus, and 
is then joined by the venae comitantes 
to form the lingual vein which ends in 
the internal jugular vein. 

The Lymph Vessels of the two sides 
anastomose in the tongue and at the front 
of the floor of the mouth. They pass to 
the submeijtal and submandibular glands 
and to the cervical glands between the 
levels of the Digastric and Omo-hyoid. 
The upper gland of this series, is called 
the jugulo-digastrir, the lower gland the 
jugulo-omohyoid, the gland at the bifur- 
cation of the common carotid artery is 
called the 'principal gland of the tongue. 
The lymph vesscis from the tip pierce 
the Mylo-hyoid and end in the submental, 
submandibular, and jugulo-omohyoid 
glands; those from the margin pierce the 
Mylo-hyoid and end in the submandib- 
ular glands or follow the lingual vessels 
across the Ilyo-glossiis to the jugfilq- 
digastric and jugulo-omohyoid glands. 
The central vessels descend in the nn'dian 
septum and, anastomosing with tho^o of 
the opposite side, either pi(‘rce or pass 
below the Genio-glossu.^*aiKl foll(»\\ the 
lingual vessels to the glands 6n both sides. 
The posterior vessels pa^s (Inousi^h Hie 
pharyngeal wall below the ]):ilatin(* tonsil 
and accompany the lym[)h ^ easels of the 
palatine tonsil to the u])per glands of the 
series. 

Development and Nerve Supply.' Like 
the palate, the anterior f of the tongue has 
a bilateral origin. It develops from two 
ingrowing shelves, one on each side of the 
1st or mandibular arch. This explains 
the nerve supply from the lingual branch 
of the mandibular nerve (V*"*), and also' 
why the tip^ sometimes bifid, as is the 
serpent’s tongue. With this part is in- 
corporatefl posteriorly a median euif* 
pence, the iuberculum impar, which 


makcj; its appearance between the 2nd 
arches. This explains the nerve supply 
from the chorda ty/hpani branch of the 
facial nerve. The posterior J of the 
tongue is unpaired. It develops from a 
ipedian bar, the hypobranchial 6ar, placed 
between the ends of the 3rd and 4th 
arches. This (‘xplains the nerve supply 
from the glosso-j^haryiigeal and superior 
laryngeal nerves. The glosso-pharyngeal 
nerve supplies the vallate i)apillae and 
therefore encroaches on the territory of 
the chorda tyrnpani nerve. The foramen 
cecum is the persisting end of the thyro- 
glossal duct, and it marks the Site of 
union of the anterior and posterior parts. 

The muscles of the longue arc supplied 
by tli(^ hypoglossal nerve. Phylogeneli- 
(‘ully they are somatic muscl(\s of the 
occipital region which haV(' migrated for 
wards into both p;jrts of the tongue. 

Afferent Nerrc,^.^ The lingual nerve is 
fkw genernl sensation, the chorda lyinpam 
is for tnst(', the {flo,sso~pharyngcal and 
mpo'vu' laryngial nerveti are for general 
scMi'^alion and for taste. 

TEETH 

PvKTS {Jiy. » Kach tooth has a 
root buried in tla^ jaw, a croum projecting 
beyond the gum, and a neck encircled by 
the gum. At tin* ap(‘x of ea(*h root a pin- 
point foramen, the apical forarncji, leads 
through a widening root canal, to the 
pidp cavity. 

Lacii tooth is com])osed of dentine 
which is the exquisitely sensitive, yellow- 
ish basis of the tooth; enamel, which is 
the white insensitive covering of the 
crown, cement (crusta petrosa) which if 
a bony covering for the root and neck 
of the tooth; apd pulp which is a fibrous 
material containing the nerves and ves- 
sels that pass through the pinppint, 
apical canal. The pulp occupies the 
pulp cayity within the dentine. 
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Each tooth lies in a bony socket or 
alveolus which narrows towards its 
bottom; thus a larger pressure surface is 
afforded and tooth extraction made pos- 
sible. Between the tooth and the socket 
there is a vascular membrane, the pert- 
odontal membrane^ which is continuous 
with the lamina propria of the gum and 
is attached both to the cement and to the 
alveolar wall. 

There are 32 permanent tcethy sixteen 
in the upper dental arch and sixteen in 
the lower. Of the eight on each side of 
each arch — two are incisors, one canine, 
two bicuspids, and three molars. The 
formula therefore reads: 


3. 2. 1. 

2. 

|2. 

1. 

2. 3. 

3. 2. 1. 

2. 

2. 

1. 

2. 3. 


All except th?; molars^are preceded by 
temporary or deciduous teeth. 

There are 20 lemporpry, deciduous^ or 

milk teeth two incisors, one canindj 

and two molars on each side of each arch. 
The formula therefore reads: 


2 . 

1 . 2 . 

2 . 

1 . 2 . 

2 . 

1 . 2 . 

2 . 

1 . 2 . 


Eruption. At birth, the ia\\TS are 
rigid bony bars, suitable to grasping a 
nipple. Between the 6th and 9th months 
the lower medial incisors erupt through 
the gumg, and eruption proceeds in the 
following order: — lower medial incisors, 
upper medial incisors, upper lateral in- 
cisors, lower lateral incisors, first molars, 
canines, and second molars, the process 
being comf)leted by the 24th month. 
There Are 12 teeth, or fewer, at the 12th 
month. 

. Then comes an interval of four years. 
At the 6th year the permanent teeth begin 
to erupt, and, because the first molars are 


permanent teeth in the following order: — 
medial incisors, lateral incisors, first bi- 
cuspids, second bicuspids, and canines. 
The second molars erupt about the twelfth 
year and the third molars about the eight- 
eenth year, but sometimes much later, 
and comShaonly they fail to erupt. 

Descriptive Terms.- It is convenient 
to refer to the anterior surfaces of the 
front teeth and lateral surfaces of the 
side teeth as labial (or buccal j surfaces; 
and to refer to the opposite surfaces as 
lingual (ojr palatine) surfaces f to refer to 
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Fio. 737. A tooth, on longitudinal section. 


the medial surfaces of the front teeth 


and anterior surfaces of the side teeth as 
proximal surfaces, andP to the opposite 
surfaces a.^ distal surfaces. The biting 
surfaces may be referred to as the occlusal* 
surfaces. With the exception of the dis- 
tal surfaces of the last molars, proximal 
an8 distal surfaces , are, coTi/oci surfaces. 

Crowns. There is evidence that the 
crowns of the human teeth have evolved 
Trom a tritubercular or tricuspid tooth. 
And two labial tubercles and one lingual 


the first permanent teeth to erupt, they tubercle are detectable on each tooth, 
are commonly called the eixih year molars. In the incisors, the labial tubercles fuse 
The deciduous teeth are next replaced by *to form a cutting edge which is joined^ 
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to an indistinct lingual tubercle by two 
faint lines (the cingulum) that enclose a 
triangular space. Among the Nbrth 
American Indians these are pronounced 
and give the incisors a shovel-like appear- 
ance. In thecamnes, the labial tubercles 





. Fiq. 738. The upper and lower teeth ’and 
their e(>jketB. (The 2nd upper bicuspid, as 
well as the 1st, happens to have two roots.) 


fuse to form a single large cone ancf a 
lingual tubercle is often well defined. In 
the bitmspidSy the labial tubercles fuse 
to form a medium sized cone and Ihe"^ 
lingual tu|)OTcle or cusp is pronounced. 
All molai#:*ave as a basis two labial 
tubercles and a proximal lingual tuberclei 
The upper molars characteristically have * 


an additional lingual tubercle placed^dis- 
tally, '‘making four in all— the first molar 
always has four, tl?3 second commonly, 
and the third variably. lihQ lower molars 
characteristically have five tubercles, two 
being labial, two lingual, and a fifth 
distal — those tend to be reduced on the 
third lower molar. 

Roots {fig, 7S8), The roots of the in- 
cisors, canines, and bicuspids are single. 
(The first upper bicuspid has commonly a 
bifid or even pi double root.) The lower 
molars have two flattened roots, a proxi- 
mal and a distal; the upper molars have 
three conical roots, two smaller r labial 
and one larger lingual. The roots of all 
teeth tend to flattened jiroximo-dis- 
tally, and in all lower teeth the flattening 
is pronounced. In the upper teeth there 
is a compromise be tw^ecn, being rounded 
and conical on the one hand and being 
flattened on the other. The upper medial 
incisor has the roundest root; the canines 
have the longest roots; and the roots of 
the molars are commonly recurved. 

Occlusion- Tlie teeth of the upper 
arch project labially beyond the teeth 
of the lower andi. As a result, the 
labial borders of the occlusal surfaces 
of the lower bicuspids and molars tend 
to be worn off and rounded and the lin- 
gual borders are sharp. The reverse is 
true of the upper bicuspids and molars. 
ThciMpper incisors in most races ’^over- 
bite” the lower incisors and do not come 
into occlusion {fig, 739). 

The upper and lower dental arches end 
flush with each other posteriorly {fig, 
739). The upper medial incisors are rel- 
atively large and the third upper molars 
relatively small; so, when the arches are. 
in occlusion most teeth bite on two teeth. 

When smiling, the incisors, canine, 
and bicuspid teeth arc in view; so, they 
are prized more highly than the molars 
which remain hidden. 
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The Enamel is of ectodermal origin. 
It begins to develop during the* third 
fetal month from bRds that sprout from 
an ingrowing plate (the primary dental 
lamina) of ectodermal cells. Each takes 
the form of a cap that covers the meso- 
dermal papilla from which the remainder 
of the tooth is formed. At the same 
time buds, from which the enamel of the 
corresponding permanent teeth arises, 
sprout from the lingual surface of the 
dental plate, but tlioy remain quiescent 
temporarily. The three permanent 
molars develop similarly from a backward 
extension of the plate, the 1st beginning 
at the fifth fetal month, the 2nd at the 
fourth month after birth, and the 3rd 
at the fifth year; so, prenatal disturbances 
can affect the sixth year molars. 

Nerve Supply to the Teeth and Gums. 
The maxillary nerve^ (V^) supplies the 
teeth and gums of the upper jaw; the 
mandibular nerve (V^) supplies thgse^f 
the lower. {Figs. 740, 741)- 

The teeth of the upper jaw and also 
their periodontal membranes are supplied 
by the posterior and anterior superior 
dental branches of the maxillary nerve. 
The internal (palatine) part of the 
upper gum related to the molars and 
bicuspids is supplied by the greater pala- 
tine nerve; the part related to the canine 
and incisors by the long spheno-palatine 
nerve. The external (buccal) part 8f the 
upper gum related to the molars is 
supplied by branches of the posterior 
superior dental nerve (which descend on 
the infratemporal surface of the maxilla); 
the p4rt related to the bicuspids, canine, 
and incisors by the infra-oybital nerve. 
(See the infra-orbital nerve, p. 750). 

The teeth of the lower jaw and their * 
periodontal membranes are supplied by 
the inferior dental branch of the mandib- 


by the lingual nerve. The externlal 
(buccal) part related to the molars and 
bicuspids is supplied by the buccal 
branch of the mandibular nerve, the part 
related to the canine and incisors by the 
mental nerve. 

Variations in Distributions: (a) The 
pulp of the lower teeth may retain 
residual sensation after injection of the. 
inferior dental nerve; there is evidence to 
show^ that this is mediated by fibres of the 





Fig, 739. The right molar teeth in occlusion. 
Except for the lower central incisor and the 
third upper molar (i.e., the proximal tooth in 
the lower row and the distal tooth in the upper 
row) which are small, e|ich tooth comes into 
occlusion with two teeth. 

lingual and buccal nerves which pierce 
the internal and external alveolar walls 
to reach the pulp; (b) branches* of the 
iiflferior dental nerve t© the incisor teeth 
may decussate in the mandibular canal 
with those of the opposite side and supply , 
the opposite incisors; (c) similarly, 
branches of the mental nerves of opposite 
sides decussate in front of the^S3miphysis 


ular nerve. The entire internal (lin-. menti and supply the gum of the opposite 
gual) part of the lower gum is supplied * side; (d) the anterior limits of the dis- 
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tribution to the gums of the lingual and 
buccal nerves varies, as is evidenced by 
loss of sensation on injecting these nerves. 
Thus, the lingual nerve, though usually 
extending to the median plane, sometimes 
stops abreast of the canine tooth, and the 
lingual nerve of the opposite side crosses 
to supplement it. ^Similarly, the buccal 
nerve distribution may cease at the 
anterior border of the 2nd molar or extend 
to the middle of the canine ; the posterior 



Fio. 740. Nerve supply to the outer aspect 
of the gums. * 


limits of the mental neive vary inversely 
with this. (St(?wart and Wilson.) 
Doubtless, similar variations docur in the 
‘nerves^to the upper teeth and gume. 

The lymph vessels of the pulp of the 
teeth . pass to the submandibular and 
u])per deep eervu^al glands. • 

PTERYGO-PALATINE FOSSA, NASAL 
CAVITIES AND PARANASAL SINUSES 

The Pterygo-palatine Fossa is the 
elongated ^angular interval between the 
rounded ^posterior border of the maxilla 
and its buttress, the pterygoid process/ 


The vertical plate of the palatine bone 
form? its medial wall; the greater wing 
of the sphenoid forms its roof. The 
spheno’palatine foramen, os might be in- 
ferred from its name, is situated at the 
junction of the roof and medial wall {figs. 

7Jt6). It is large and round, and is 
the main door foi the vessels and .nerves 
to the nasal cavity. A wire or a bristle 
passed through the foramen follows the 


Greater pcjlatine rt. ^2. 

Long fipKcno- \ 
palatine nerve v -i 



Fio. 711. Nerve supply to the inner aspect 
of the gums. Hranches also reach the gums 
between the tooth sockets (fig. 742). 


rooii-ol the nose on to the nasal septum. 
Thin wiics or bristles passed up the 
greater and the lesser palatine canals enter 
the fossa from below. Wires passed 
through the foramen rotundurti and p/ery- 
goid canal enter it from behind. The 
pterygoid canal is demonstrated by pass- 
ing a bent wire forwards from a point 
immediately supero-lateral to the ptery- 
goid tubercle (p, 70B). 

The fossa communicates with the orbit 
through the hinder part of the inferior 
orbital fissure, and with the infratemporal 
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fossa through the pterygo-maxillary fis- 
mre. Its contents are: • 

(a) the maxillary iicrvc (in part), 

(b) the sphono-palatine ganglion, 

(c) the maxillary artery (3rd part) 

and veins. 

The Maxillary Nerve {figa, 742^ 74^^ 
(V®) or 2nd division of the trigeminal 
nerve, arises from the trigeminal gan- 
glion and is purely sensory. It is dis- 
tributed to what developmentally is the 


air sinus; in the pterygo-palatine fossa 
it is surrounded by branches of the 3rd 
part of the maxillary artery and veins, 
and the spheno-palatine ganglion is 
suspended from it; in the infra-orbital 
sulcus and foramen it creates a ridge on 
the roof and anterior wall of the maxillary 
air sinus. 

Brancheis. (1) A meningeal twig goes 
to the dura mater. (2) An orbital twig 
supplies the periorbita and cohveys sym- 


/VYcningcal brancK 
riervg 


I , . — To loLcrirnGLl gland 

^ M j jnmrL-tico 



6pKgno - palatine ^ 
gang lion - 

Post, superior 
dental (alveolar) n: 


Branches tc gums 


Fio. 742. Distribution of the maxillary (V*) nerve. 


maxillary process. The wavy route it 
takes nfay bo indicated by threadyig a 
wire from the middle cranial fossa through 
the foramen rotundum, across the 
pterygo-palatine and infratemporal fossae 
to the inferior orbital fissure, thence 
through the infra-orbital sulcus, canal, 
and foramen to the face. (On entering 
the infra-orbital sulcus it id called the 
infra-orbital nerve.)- In the cranium 
the nerve runs along the infero-lateral 
border of the cavernous sinus; in the 
foramen rotundum it commonly creates 
a ridge on the floor of the sphenoidal 


pathetic fibers to the involuntary orbital 
muscle of fuller f whish bridges and ex- 
tends beyend the margins of the inferior 
orbitaj fissure. This muscle is extensive 
in mammals that lack a bony paffltion 
between the orbital and temporal /ossae. 
Perhaps spasm of this niuscle is one cause 
of exophthalmos. (3) Two roots go to the 
spheno-palatine ganglion. (4) The zygo- 
•malic nerve passed through the inferior 
orbital fissure to the orbit, enters a V- 
or Y-shaped canal in the zygomatic 
l^one, from which it emerges as two 
. cutaneous branches, the zygomdlico-facial 
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and zygomaticO‘ anporal\ one on the 
cheek, the other in the temporal fossa 
{fig. 621). The secretory fibers to the 
lacrimal gland travel witli the zygomatic 
nerve into (lie orbit, and (here, leaving it, 
ascend on (he lateral Avail of the orbit to 
join the lacrimal nerve, A\hich conveys 
tliem to the gland. • 

The Infra-orbital Nerve is the con- 
tinuation of nerve V-. It begins at the 
inferior orbital fissure and ends on the 
face, between theT.evator Labii Superioris 
and the Levator Anguli Oris (('aninus). 


molar and bicuspid teeth are supplied by 
the posterior nerve, and the canine and 
incisor teeth by the*anterior nerve. 

The poslcrior superior dental nerves (usu- 
ally two) arise in the infratemporal fossa 
jand therefore strictly speaking from 
the end of nerve V-] and, descending, 
supply twig< to iho buccal portiomof the 
gum ov('r the molar teeth before entering 
their canals about the center of the infra- 
temporal surface of the maxilla. The 
anterior superior dental nenw curves medi- 
ally below the infraorbital foramen and 
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Fig. / l.’h The nerves of the nusr ;in(l])alaio. 


bv dividing into many branches \jnj. 
fl2l) which radiate to th(' cutaneous anil 
conjunctival surfaces of tla- Iovmt eyelid, 
to the skin of the side of (he nose, to the 
vestibule of the rfosc, to the mobile part 
of the nasal septum, to the* cutaneous 
‘anc^ mucous surfaces of the upper •lip and 
check, and to the gum. 

In nts course, it gives off 2 branches 
whicVi are called the posterior and anteVior 
superior dental {alveolar) nerves. These 
descend in the infratemporal and facial 
walls of the maxilla — which arc aImos< 
eggshell in thinness — and there form loops 
from whi<5fr twigs proceed to the teeth, 
periodontal mernbranes, and mu?o«s 
membrane of the maxillary, sinus. The' 


is apt to be damaged in opening into the 
maxillary sinus from the front; it sends a 
twg to the inferior meatus and floor of 
the nose {fuj, 7',.f 742). 

T^he Spheno-palatine Ganglion is a 
parasympathetic ganglion situated in the 
upper part of the pterygo-palatine fossa. 
It is best displayed by breaking down the 
papery medial wall of the fossa. It is 
described as having three roots-, secre- 
tory, sympathetic, and sensory; but it is 
essentially a relay station on the secretory 
pathwa}" of the greater superficial petrosal 
branch of the facial nerve, which reaches 
the ganglion as the nerve of the pterygoid 
canal. The other roots pass through the 
ganglion without interruption {fig. 744)- 
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The sensory root consists of two stout 
bundles that descend from nerv^ V* 
to the ganglion in older to be joined by 
the secretory and sympathetic fibers. 
The composite nerve so-formed is dis- 
tributed to the mucosa of the nasal 
cavity, naso-pharyn\, and palate 
follows: 

Through the Spheno-palatim Foramen 
pass throe nor\es; (1) Shoit spheno- 
palatine nerves run forwards to the upper 


the naso-pharynx and the sphenoidal sinus. 
It occupies the groove or canal on the 
under surface of the vaginal process of the 
medial pterygoid plate. 

Through the Greater Palatine Canal the 
Greater Palatine Nerve descends to the 
under surface of the hard palate medial 
to the 3rd molar toqth. Thereafter, as 
two branches, it runs forwards in the 
miico-periosteum near the alveolar arch ' 
and ‘supplies the remainder eff the hard 



Fig. 711 . Anatomic ganglia on the branches of nerves VII and IX: spheno-palatine, otic, and 
submandibular (sublingual) 


parts of the side wall of the nasal cjfvdty 
(upper lateral nasal branches) and to 
adjacent parts, namely, the roof, septum, 
and ethmoid cells. (2) The long spheno- 
palatine nerve (naso-palatine) crosses the 
under Surface of the body of the sphenoid 
and, reaching the nasal septu^n, descends 
•in the rauco-periosteum in a groove on the 
vomer to the incisive forp,men, through 
which it passes. It supplies the septum, 
under surface of the front of the hard pal- 
ate, and the gum. (3) The pharyngeal 
nerve runs backwards to supply the roof of 


palate and the palatine portion of the 
guni. It gives off (a) two nasal branches, 
(lower*lateral nasal nerves), which pierce 
the vortical plate of the palatine bone and 
pass forwards to the inferior concha and 
inferior meatus; and (b) two lesser pala- 
tine nerves which traverse the lesser 
palatine canals in. the tubercle of the 
palatine bone. They appear close be- 
hind the parent nerve and supply the 
mucous menibrane of the soft palate and 
gRijacent parts of the tonsillar rcygion. 

The sympathetic fibers, which are mainly. 
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vaso-con stricter, pass from their cell 
station in the superior cervical sympa- 
thetic ganglion through (he carotid canal 
to the foramen laceruin, wliere (as the 
deep petrosal ruTve) they leave the 
carotid artery and join the secretory Jibers 
(greater sur)erficial petrosal nerve) to 
form the nerve of the pterygoid canal. 

The Nerve of the Pterygoid Canal passes 
forwards through its canal to the spheno- 
palatine ga'ngliou and there, after being 
relayed, is conveyed with the various 
sensory branches to* the glands of the 
nose, naso-pharynx, and i)alate; and some 
fibers travel with the zygomatic nerve, 
thence to the lacrimal nerve, and so to 
the lacrimal gland. The secretory root 
also contains a few taste fibers which are 
distributed to the soft palate. It has 
therefore the same composition as the 
chorda tympani and they both share the 
ganglioa of the facial nerve (geniculate 
gatiglion) as a cell station for taste fibers. 

The 3rd Part of the (Internal) Maxil- 
lary Artery passes through the pterygo- 
maxillary fissure into the pterygo-pala- 
tine* fossa and there breaks up intc* 
branche.s which accompany i*losely tlie 
braru'lies of the niaxillavf nerv(* and of 
the spheno-palatine ganglion ; so, jill its 
branches enter fordmina. 

The branches are; posterior superior 
dental, infra-orbital, long and short 
spheno-palatine, pharyngeal, .artery of 
the pterygoid canal, greater palatine 
ifigr607). 

The corresponding veins form the begin- 
ning of the pterygoid plexus of veins. ^ 

The Nasal Cavities 

The right and left nasal cavities are ‘ 
situated above the hard palate and are 
separated ilem each other by the nasal 
septum. Each cayity has an anterior an<i 
a posterior aperture, a floor, roof, medial 


wall or septum, and a lateral wall (Jigs, 
725, 7^3). 

The Anterior A^’erture (nostril or 
naris) is directed downwards on to the 
face. It is oval, mobile, and kept patent 
bv the U-shaped lower nasal cartilage 
(figs. (IIS, 6*i4). 

The Postfjhor Aperture (choapa) is 
directed backwards into the naso- 
pharynx. It is oblong, rigid, bounded by 
bone, 1" high and wide (fig. 707). 

The Floor, formed by the superior 
surface of the hard palate, is smooth, 
concave' from side to side, half an inch 
or more wide, about three inches long 
from the tip of Iho nose to the posterior 
border of the* sep(um, and nearly hori- 
zontal. 

The Roof has: (aj an anterior pari 
whose slof)e (‘orresponds with the slope of 
the bridge of the nose (formed by the 
upper nasal cartilage, nasal bone, and 
spine of the^frontal bone); (b) an irUer- 
inediaU part, fornu'd by the cribriform 
plate, \\hich is horizontal, 2-3 mm. wide,, 
f hin, tlelicale, nnd perforated by the ol- 
factory ner\es and ethmoidal vessels 
It situated Ixaieath the anterior cranial 
fossa and is easily fractured, with conse- 
quent risk of meningitis, (c) A posterior 
part is formed by the anterior and the 
inferior surface of the body of the sphe- 
noid, and has therefore a vertical and a 
slopiog portion, which meet at an obtuse 
or a right angle. This part is about I of 
an inch wide, and is confluent with the 
roof of the naso-pharynx. 

Strip the muco-periosteum from the nasal 
septum. 

The Nasal Septum or Medial Wall 
has 3 main skeletal parts (fig. 7^5 ) : 

1. The thin vertical (perpendicular) 
plate of the ethmoid lies above. 

2. The vomer lies below and behind. 

3. The septal c/irtilage lies in front and 
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extends backwards into the angle be- 
tween the ethmoid and the vomei*. 

Slight crests on ihf palatine, maxillary, 
nasal, frontal, and sphenoidal bones form 
peripheral parts of the bony septum. 

The posterior border of the vomer is 
free and extends from the posterior naSal 
spine to just in front of the junction of 
the basi-sphenoid and basi-occipital. 
The anterior part of the inferior border 
of the septal cartilage extends from the 
anterior nasal spine towards the apex of 
the nose; it, however, is not free, since 
below it the mobile part of the septum 
extends from the philtrum of the lip to 
the tip of the nose. The medial crura of 
the lower nasal cartilages stiffen it. 
This should be verified by inserting the 
tips of the thumb and index finger into 
the nostrils 'and feeling the lower border 
of the septal cartilage -above the mobile 
septum. 

Deflected Septum, If the geptum is not 
quite straight, the deflection usually lakes 
p’ace at the junction of the catilage with 
the vomer, and the bony and soft parts 
of the middle concha^ on the concave side 
are enlarged, as though to reduce ^the 
excess space. 

At Birth, except for a miniature vomer, 
the framework of the septum and of the 
crista galli are cartilaginous. The defini- 
tive septal cartilage remains cartilagi- 
nous; the vertical plate of the etlynoid 
(and crista galli) is converted into bone; 
but the cartilage which precedes the 
vomer disappears, the vomer developing 
in right and left halyes from the peri- 
chondrium on each side of the primitive 
septal cartilage. The alae of the vomer 
and the groove along the upi5er border of 
the vomer into which the definitive septal 
cartilage' fits bear evidence of this bi- 
lateral origin. 

Proceed to remove the bony and cartilagi> 
nous parts of the septum, leaving the mobile 


septum and the muco-periosteuiu on the far 
side intact so that the arteries ]:an be seen and 
the. nerves perhaps dissected. 

Vessels and Nerves. The arteries 
form an open network. Descending from 
above are the branches of the anterior 
and posterior ethmoidal arteries and of 
the olfactory and , anterior ethmoidal 
nerves. Running in a groove on the vo- 
mer from the junction of the anterior and" 
inferior aspects of the body 6f the sphe- 
noid to the incisive foramen are the long 



Fio. 745. The bones and cartilages of the 
nasal septumT* 


spheno-palatine nerve and artery. The 
nerve has already been traced through the 
incisive canal. A twig from the greater 
palatine artery ascends through the inci- 
sive canal ; a twig from the superior labial 
artery ascends across the mobile septum. 
The infra-orbital nerve supplies the mo- 
bije septum. 

The frontal and sphenoidal air sinuses 
of one side or other have likely been 
opened because, though these sinuses are 
bi-lateral structures, the septa between 
them are not usually in the median plane. 

• On the other half of the head (right side) 
inspect and dissect the lateral wall. 
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The T.atluae W\el (fujfi. 74^, 747). ('onclia is free, horizontal, and extends 

Two downwardly curved shelves, the iriff- backwards to within ]" of the phar5nigo- 

rior and middle amchcif , j^roject from tlie tvmpanic tube. Th« lower border of the 

lateral wall of tlu‘ cavity and divide it middle concha is largely horizontal but 

into thre<' jiarts, approximately equal in with the addition of a short vertical or 

depth. Th(‘V conceal the inferior and oblique anteiior limb and, consequently, 

middle nnatusis \ third shelf, the su'pe- of an antero-infc'rior angle. Tt is on a 

nor Concho, extends oblicjuely from the le\el with the lowei surface of the body 

iniddh' of lh(' root to the middle of tin' of the sf)lienoi(l 


fLACRinysL MEMBRANE - 

GREATER ^ / ' ^MAXiLLA MAXILLA 

lesser (in ■^JDFRCLl Of- PAc.ATiNt • 

A B 

Fig. T-tG. A Bones of lateral wall of nasal cavity.'* B Parts of the conchae have been cut 
away to reveal the openings of tlif air sinuses. Arrows traverse the frontal air sinus and the 
aaso-lacrimal canal. 

f 

front of the body of the sphenoid and con- The part of the nasal cavity between 
ceals the f>opcrior meatus. The area the conchae and the septum is the mcaias 
above and behind it is known as the communis. The part anterior to the 
spheno-cthmoidal recess. conchae is divided into two areas — a 

The inferior and middle conchae extend vestibule and an atrium. The vestibule^ 
backwards almost to the naso-pharynx* or entrance chamber, lies in front of the 
(the width of tlie medial pterygoid plate ftiferior meatus, on the medial surface of 
intervening and forwards to a line join- the mobile ala of the nose. It is lined 
ing the ipcisive foramen to the foramen with stratified squamous epithelium, 
caecum. Tliclowerborder of the inferior guarded by hairs, and lubricated by 
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sebaceous and sweat glands — in short, 
by skin. Further, as the apical reacss, it 
extends forwards to^’ards the tip of the 
nose. The U-sliap('d lower nasal carti- 
lage keeps the vestibule patent. The 
alriiim lies in front of th(' middle meatus 
and above the vestibule. A ridge dr 
limen, caused by the upper edge* of the 
lower nasal (*artilage, separales 1 he atrium 
from the vestibiili* It is lined with the 
muco-periostcum covering the fronto- 
nasal process of the maxilla. Anterior to 
the atrium the lateral wal! is formed by 
the nasal bone and the upper na'^al 
cartilajge. 

Remove the miico-pGriostoum in front of the 
atrium. 

Observe the lateral branch of the in- 
iernal iiasul nerve and vemls descending 
in a groove on J^he nasal bone, and appre- 
ciate that the right and left upper nasal 
cartilnges are exten-^ions or wings of the 
septal cartilage. • • ^ ^ 

With scissors, cut away tlie (left) iiifeiior 
concha and note its curved attachment to the 
side wall of the nose. 

Inferior Meahu^. Note that a blunt 
probe passed from the orbital cavity dotvn 
the mn^o-hcrimal (hid into the inferior 
meatus, travels do\vmvards and slightly 
backwards and laterally, and that it 
traverses the mucous membrane oblicpiely 
like a ureter entering the bladder. The 
flap valve (of Ilasner) thus formed opens 
anywhere on the line between the summit 
of the curved attacliment of the inferior 
concha and the floor of the nose. 

Remove the muco-periosteum from the in- 
ferior meatus. 

The (bony) naso-lacrimal canal opens 
at the summit of attachment of the infe- 
rior concha, which is at the junction of it§ 
anterior 3 with its posterior j. The thin- 
nest part of the lateral wall of the inferior 
meatus is situated’ behind the point of 


debouchment of the nasolacrimal canal. 
This thin area, triangular in shape, is 
formed by the maxillary process of the 
inferior concha (fig, 792), Its apex falls 
far short of the floor of the nose. Its 
center lies about 2V from the tip of the 
nose, or 1 ]" from the anterior bony aper- 
ture. Through this ^triangular area the 
surgeon may pass a hollow' needle into the 
maxillary sinus. With a probe break* 
down this thin partition, liehind, it ar- 
ticulates with the vertical plate of the 


SpKcvN.o-ctK'tTN.otdla'l recess 



PKaryTxqo-tymparxLC lube 


Fir., 7\7 The l.'itcral wall ol the iiom‘ 

palatine bom*; in froni, with the medial 
wall of the maxilla, wdiich is strong and 
will nbt give w'ay before the probe.. A 
sensory twig, the nasal branch of the ante- 
rior superior dental nerve with it§ com- 
panion artery, pierces ’the lateral wall 
abreast of the incisive foramen, but they 
^are not likely to be seen. 

With scissors, cut away the middle concha 
from its attachment. 

Middle Meatus, Note that a curved 
. prdbe passed from the lowest pari of the 
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frontal sinus into the nose enters the mid- 
dle meatus at the anterior end of a curved 
groove, the hiatus semilunaris. The hia- 
tus has a sharp lower edge ; above it there 
is an ovoid swelling, the bulla elhmoidalis. 
The anterior end of the hiatus opens by an 
ostium of variable size into the maxillary 
sinus at Us highest, part. An accessory 
fan acquired) ostium is often to be seen 
about half an ineli behind the main (the 
primary) dfetium. The papery lacrimal 
bone lies immediately behind the strong 
foree-transmiiting fn*aito-na.sal process. 

With a sharp probe break through the lac- 
rimal bone and then open into the lacrimal 
sac, as the surgeon may do to afford drainage 
when the nasolacrimal duct is obstructed. 

The orifices of, several anterior eth- 
moidal cells are seen under cover of the 
middle concha. The cell (or cells) in 
-the bulla is the hullar or middle ethmoidal 
cell (or cells). 

Cut away the superior concha, 

Superior Meatus, The large orifices' ot 
one or more posterior ethmoidal cells open 
here. 

Spheno-ethntoidal Recess. The circular 
orifice of the sphenoidal air sinus opens 
here, high up (Jig, 7 * 

Proceed to pick away, one by one, the yjar 
titions between the cVhmoidal cells in order to 
display the thin orbital plate of the ethmoid 
which closes the cells laterally and at the same 
time forms the mediatwall of the orbital cavity. 

The Blood Supply to tiIe Nasal 
Cavities. The arterial network la very 
free and is derived from; 

(a) The ophthalmic artery ^ via its an- 
terior and posteripr ethmoidal branches, 
supplies the upper and front parts of the 
lateral wall and septum. 

(b) The (internal) maxillary artery^ via * 
its spheno-palatino branches, which tra- 
verse the s 5 |||eno-palatine foramen, sup- 
plies the posterior parts of the lateral, 
wall and septum; the long spheno-pala- 


tinc branch reaches the septum by cross- 
ing thb roof of the cavity at the junction 
of the anterior and inferior aspects of the 
body of the sphenoid. 

(c) The facial artery^ via the superior 
labial artery, supplies the antero-inferior 
pArt of the septum. 

The venous network forms a distensible 
cavernous tissue, especially over the 
inferior and middle conchae, its function 
being to warm and humidify the inspired 
air. Following the arteries, the veins 
drain: (a) upwards via the ethmoidal 
vein§ into the superior ophthalmic vein; 
one vein, however, piercing the cribriform 
plate, joins the veins beneath the frontal 
lobe of the brain ; (b) backwards through 
the spheno-palatine foramen to the 
pterygoid plexus; and (c) forwards to the 
anterior facial vein. Thp drainage is 
chiefly via route (b). 

The lymphatics [p, 776). 

^ Perineural spaces. Around the fila- 
ments of the olfactory nerve distributed 
in the nasal mucosa are perineural spaces. 
These have been shown by experiment to' 
be prolongations of the cranial sub- 
aralihnoid space and to have no connec- 
tion with lymph vessels (Faber). 

The Nerve Supply (fig, 7^3). The 
upper parts of the septal and lateral 
walls (over a total area of 2 sq. cm.) 
are supplied by the olfactory nerves^ 
whict, ensheathed in their membranes, 
pierce the cribriform plate in twenty or 
so branches. These end in the olfactory 
bulb. One branch runs to the vomero- 
nasal organ of Jacobson. 

To evi off the sensory nerve supply: (1) 
Inject with a curved hollow needle an 
anesthetic through the spheno-palatine 
foramen; (2) put a plug of gauze (soaked 
in anesthetic) in the angle between the 
nasal bone and the septum; (3) and 
another plug of gauze under the anterior 
end of the inferior concha. 
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The 1st anesthetises the branches of the 
spheno-palatine ganglion of whidh the 
long and short sph«no-palatine and the 
pharyngeal branches enter via Ihc spheno- 
palatine foramen ; while an inferior nasal 
branch enters via the vertical plate of the 
palatine bone (p. 751). The 2nd catch^ 
the internal nasal branches of the anterior 
ethmoidal nerve. It is the medial of 
these branches that grooves the nasal 
bone and appears on the dorsum nasi as 
the ext. nasal nerve. The^3rd catches the 
nasal branch of the anterior superior den- 
tal nerve which pierces the medial w^ll of 
the n^axilla deep to the inferior concha. 
The branches of the infra-orlnial nerve to 
the vestibule and mobile part of the sep- 
tum would remain intact (fig. 621). 

Observe again the relationship of the 
^ pheno-palatii^ foramen to the roof of 
the nose and to the middle concha. 

The Paranasal Air Sinuses (sphenoidal, 
ethmoidal, frontal, and maxillary)* are 
bilaterally paired, but they are com- 
monly as 3 rmmetrical. 

The Sphenoidal Sinuses are two in 
number — ^a right and a left. They nre 
variable in extent, rarely symmetrical, and 
the partition between them is usually de- 
flected. They occupy the body of the 
sphenoid, but may extend into the basi- 
sphenoid, even into the basi-occipital and 
into the anterior and posterior conoid 
processes. Pass wires along the optic 
canal ( oramen), pterygoid canal, and 
foramen rotundum to represent the optic 
nerve, nerve of the pterygoid canal, and 
maxillary nerve, and note that they are 
commonly in contact with, and may raise 
ridges on, the lateral wall and floor of the 
sinus. Observe the relationship of the 
sinus to the hypophysis cerebri above, and 
to the cavernous sinus and carotid artery 
laterally. 

The circular ostium of the sinus is near 


either the middle or upper part of the 
anterior wall. 

The Maxillary Air Sinus Tthk 
Antrum of Highmore). Between the 
inferior concha and the ethmoidal bulla 
the lateral wall of the nose is largely 
membranous, and a pin pushed through 
it will enter the sinus, but unless directed 
downwards there is danger that it may 
enter the orbit. The maxillary ostium 
(fig. 7Ji9) opens into the Hiatus semi- 
lunaris, near the roof of the sinus. It 
is usually an oval br slit-lfke canal, 4.5 
mm. long. Hence, when the mucous 
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r^ld. xt\.oa^u3 and concKa 

Inf. meat uft*bnd concKo 

Fig. 748. nasal cavities and adjacent 
air sinuseu, or coronal sejction. 

membrane lining it is congested, the canal 
may be obstructed temporarily. It may, 
however, be very large. 

With the aid of bone forceps remove the 
greater part of the medial wall of this sinus. 

The maxillar}’' sinus (fig. 748) is . a /our- 
sided, hollow 'pyramid ; the medial or nasal 
wall is the base; the apex stretches to- 
wards, or even into, the zygomatic bone; 
"the walls are translucent; one facing the 
infratemporal fossa, one the face, and one 
the orbital cavity. Because the floor of 
the orbital cavity is concave, the roof or 
orbital surface of the’ maxillary sinus is 
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convex. The infra-orhilal canal creates a 
ridge on the orbital and facial walls. The 
floor or lower border of the sinus lies below 
the level of the floor of the nose. From 
the floor one or two septa project upwards 
n ('cording as two or throe molar teeth have 
erupted. The roots or root of any tooth 
might ])roject int(j the maxillary sinus, 
save those of the incisors for they are 
embedded in the premaxilla. Those of 
I he molars (^)mmonly do ; hence, infectkjn 


walls — the bone is of egg-shell thinness 
and there they occupy bony grooves that 
loop downwards and ^^ire covered on one 
surface w ith mucous membrane. 

The Ethmoidal Sinuses or Cells 
7^9) may be likened to eight or ten 
rubber balloons placed in an oblong box 
and fully inflated through their stalks 
w^hich project through holes in the side 
of the box. The result must be an 
oblong mass of inflated balloons, but the 


Ethmoidal cclh 


Frontal slnue 


I n.f and V b U.I um 

Hiatus 
semilunaris 


/VVaxUlary 
ostium 


SpKenoidal 

slrv.us 



Fio. 749. Scheme of the para,n.»^.il biimses Note that fluid in the frontal sinus would tend to 
(low through the infuiKlihuluin, aloii^ the hiatus, and into the maxillary sinus, because the orifice 
of the former sinus is at its floor and of the latter sinus at its roof. The sphenoidal ostium is in 
the upper half of its anterior wall. The ethmoidal ostia are variable. 


may readily spread from a decaying to(;th 
to the sinus; again, after extraction of a 
tooth, the empty socket may connect the 
sinus with the mouth. ' ^ 

On removing the muco-periosteal lining 
from the sinus, the anterior and posterior 
‘ dental vessels and nerves ^ derived from the 
infra-orbital vessels and nerve, are ex- 
posed (fig, 2^). Where there is diploe 
they run inl^ny canals, but for the most 
part — on ‘the infratemporal and facial 


shape of a particular balloon (or cell) 
depends upon the degree to which it is 
inflated. All air cells vary much in 
shape and in extent. A small air cell 
calls for a large adjacent cell or for several 
small cells. ^ The ethmoidal cells are 
mainly limited by the orbital plate (lam- 
ina papyracea) of the ethmoid laterally, 
but the surrounding (lacrimal, frontal, 
sphenoid, palatine, and maxillary) bones 
help to close the cells. 
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The Frontal Sinus is merely an 
anterior ethmoidal cell which !ias ex- 
tended beyond th# ethmoid into the ver- 
tical and orbital plates’ of the frontal 
bone. Topographically, it is frontal ; 
developmentally, it is ethmoidal. It 
drains downwards. Its secretion tends 
to flow along the hiatus semilunaris into 
the maxillary sinus whose orifice is near 
its roof. One or more ethmoidal cells 
commonly c.xtend into the orbital plate 
of the frontal bone anjl even into the 
lesser wing of the sphenoid. 

Development. The upper and lower 
jaws and the other bones of the face 
require to enlarge progressively as the 
teeth erupt. Enlargement is most eco- 
nomically achieved by the development of 
hollow bone , hence, the marrow cavities in 
long bones and the air sinuses in skull 
bones. 

The sinuses appear between the third 
and fourth foetal months as evaginatyns 
of the nasal mucosa. At birth they are 
shallow depressions. The frontal sinus 
begins to invade the vertical plate of the 
frontal bone about the eighth month, 
but it does not rise above the nasionVintil 
the .3rd year. Occasionally it extends 


but slightly into the vertical plate and 
extensively into the orbital plate. The 
sphenoidal sinus at the 6th year extends 
about I" in all diameters. The maxillary 
sinus is the size of a small pea at birth; at 
the 6th year it is about f " in all diameters. 

Average Dimensions (width, height, and 
antero-posterior depths) in the adult 
are: frontal sinus, V x IJ" x Y) sphe- 
noidal sinus, X 1" X maxillary 
sinus, 1" X If' X If'. 

The Mucoperio^eum of jthe sinuses has 
a ciliated epithelium like that of the 
nasal cavities. Being less glandular, it is 
less vascular and thinner; and it is more 
readily detached fromjhe bone. 

Nerve Supply. The sinuses are sup- 
plied by the ophthalmic (V‘) and the 
maxillary (V*) nerves— the frontal sinus 
via the sui^ra-orbital nerve; the anterior 
ethmoidal sinuses via the anterior eth- 
moidal nerve; the posterior ethmoidal • 
and sphenoidal sinuses via the ppsterior 
ethmoidal nerve and the pharyngeal and 
other branches of the iriaxillary nerve 
travelling through the spheno-palatine 
ganglion; and the maxillary sinus via the 
superior dental nerves. 
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THE LARYNX 

'I'Ijc larynx is the ui)por end of the 
res{)iratory passages.- Its superior aper- 
ture rises freely into the pharynx and is 
sejjarated on each side from the hinder 
part of the ^.hyroid cartilage by a space, 
the piriform fossa, and from the back of 
the tongue by a depression, the vallecula. 
The valleculae of the two sides are sepa- 
rated by a median fold of mucous mem- 
brane, the glosso-epiglollic fold. 


(5) Mucous nwmbraiu'. 

The External Framework {fig. 763). 
The Cricoid Cartilage (Gk. = like 
a ring) has two parts: a lamina or signet- 
plate more or less quadrilateral and 
placed behind, and an arch with horizon- 
tal lower borderland oblique upper border. 
Its lumen is circular and it can with diffi- 
culty be slipped over a finger {Jig. 750). 

It lies in front of the 6th cervical 
vertebra. It develops like a tracheal 



Fio. 750. Coinpun* thf iiiiiuim o( ji cricoid cartilage, a vertebral foramen, and a signet ring. 


We shall build up lh(> larynx .'inder the 
following headings : 

(1) External framework comprising: 
Cricoid and thyroid cartilages, and the 
crico-thyroid joint, ligament, and muscip. 

(2) Internal frameuwk comprising : (a) 
Arytenoid cartilage, crico-arytenoid joint, 

' crico- vocal membrane,- and vocal liga- 
ment. (b) Epiglottic cartilage, quadran- 
gular memb^e, and vestibular ligament. 

(3) Intri^c muscles. 

(4) Vessels and nerves. 


ring. ' The lamina chondrifies late and in- 
dependently of the arch. It is the only 
complete ring in the respiratory passage. 

The Thyroid Cartilage (Gk. = like 
a shield) consists of two quadrilateral 
plates, the laminae, which converge to 
meet in the median plane in front at an 
angle. After puberty the angle varies 
with the sex, being like the subpubic angle 
— greater in the female than in the male 
{fig. 751). The upper border of each 
lamina is sinuous, and in the male it pro- 
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jects forwards beyond the anterior at- 
tached border, thereby creating ^ projec- 
tion, the laryngeal ^'prominence or Adam's 
apple. The posterior border is free, 
rounded and prolonged into an upper and 
a lower horuy the upper being the longer 
{fig, 762), The lateral surface is croiJsed 
by an oblique linCy which extends from a 
tubercle near the upper border to a tuber- 
cle on the lower border, and gives attach- 
ment to 3 muscles — r-^Sterno-thyroid, 
Thyro-hyoid, and Inferior Constrictor. 

The Crico-thyroid Joint. There is 
a circular facet on the medial aspect of 
the tip of the inferior horn of the thyroid 
cartilage for articulation with a corre- 
sponding facet on the side of the lamina 
of the cricoid. Radiating fiberSy ar- 
ranged in three bands, moor the lower 
horn of the ^thyroid to the cricoid and 
allow it to rotate upland down like the 
\dsor of a helmet, atid perhaps to glide 
forwards slightly. This js a synovial 
joint. The median crico-thyroid liSanient 
is a strong triangular band with tnmcated 
apex that unites adjacent borders of the 
cricoid and thyroid in the median plane. 
It acts as a restraining ligament. »The 
Crico-thyroid is the rotator muscle. It 
arises from the outer surface of the arch 
of the cricoid, which it monopolizes, and 
it is inserted into the lower border of the 
lamina of the thyroid cartilage and into 
the anterior border of the inferior^comu. 
Being a detached part of the Inferior 
Constrictor, it is supplied by the vagus 
nerve, the particular branch being the 
external Jaryngeal. 

The lower border of the cricoid is at- 
tached to the first tracheal ring by the 
erico-tracheal membrane (lig.) . The upper 


The ligament joins the tips of the respec- 
tive horns of the thyroid cartilage and 
hyoid bone, and it contains a nodule 
(cartilago triticea), which during develop- 
ment became detached from the thyroid 
cartilage. 

Internal Framework. The more deli- 
cate inner parts of the larynx are shielded 
by the thyroid cartilage. 

The Arytenoid Cartilage (paired) 
is like the quadrant of a cone in having 3 
approximately flat surfaces (medial, pos- 
terior, and inferioi*) and 1 -convex surface 
(anterd-lateral). [Actually the medial 
surface is flat; the posterior and inferior 
are concave; and the antero-lateral is 
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Fig. 761. Tlie angle at which the laminae 
of the thyroid cartilage meet compares with 
the Bubpubre angle of that sex. 

► 

irre^lar. ]% It has 3 pronounced angles — 
a sharp anterior, the yocal process ; a blunt 
lateral, the muscular process \ and a re- 
curved superior, the apex. 

The CRico-ARYTfJNoiD Joint. The 
under surface of each arytenoid and the 
lateral sloping parts of the upper border 
of the lamina of the cricoid Have oval 
articular facets; but oddly enough the 
long axes of the ovals are at right angles 
to each other. This allows the aiytenoid 
to glide medially and laterally, forwards 


border of the thyroid is attached to iho and backwards, find to rotate, 
upper border of the body and greater horn Vocal Ligament and Crico-vocal 
of the hyoid by the thyro-hyoid membrane^ Membrane. From the end of the vocal 
the posterior edge of which is thickened ^ process a band, the vocal ligament (thyro- 
to form the lateral thyro-hyoid ligamehU a'rytenoid ligament)* passes horizontally. 
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forwards to the angle between the thyroid 
laminae at its midpoint. It is the frame- 
work of the vocal fold (vocal cord). I'lie 
triangular membrane of which it forms 
the upper border is called the crico-vocal 
membrane (conus eJasticus). This mem- 
brane is attached below to the whole 
length of the upper border of the arch of 
the cricoid; in front it blonds with the 
crico-thyroid ligament; and, after curving 
medial to tlfe lower border of the thyroid 


From its lateral border a sheet of fascia^ 
the qxJadrangular membrane^ similar in 
structure to the crioro-vocal membrane, 
curves backwards to the lateral border 
of the arytenoid cartilage. The free 
upper edge of the quadrangular mem- 
brane is slightly thickened and called 
the ari/epiglottic hgament] the free lower 
border is markedly thickened and called 
the vestibular ligament. It is the basis 
of the vestibular fold or false vocal cord. 


Epiqlotivc cok-t 
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cartilage, it ends arbovc in a free upper 
border, the vocal ligament. 

• TflE Cartilage of the F]piglptits 
(unpaired) is a curved leaf-shaped car- 
tilage, pitted to accommodate glands and 
perforated b3' vessels and nerves. A 
ligament, the ihgro-epiglottic ligament j 
attaches its stalk to the angle of the 
‘ thyroid laminae above the vocal liga- 
ments. Its rounded tip rises abo^ e the 
level of thc^yoid bone and its anterior 
surface is attached to the hyoid bone by a, 
fibrous band, the Kyo^cpiglottic ligament. 


Thf recurved cornu or apex of the 
arytenoid, the corniculaie cartilage ^ is 
separated from the main cartilage by a 
film of perichondrium. In the hinder 
part of the quadrangular membrane a 
detached portion of the side of the epi- 
glottic cartilage was stranded during 
development'; like the epiglottic cartilage 

• it is pitted by glands. It is called the 
cuneiform cartilage, but it resembles a 
club more than a wedge. Its lower end 
is fixed to the arytenoid cartilage. 

• Note that this internal framework of 
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Fia. 75:^. The cartilaginous and membranous skeleton of the larynx. (The right half of 
the thyroid cifrtilage an 4 the right quadrangular membrane have been removed.) 


cartilage, meml)rarie,;in(l ligament is cov- 
ered with a shcvi^l of muscle on the cmtbfde 
and is lined with mucous membrane on 
the insiile. This being so, the framework 
IS most readily revealed by splitling the 
larynx and trachea from behind l^y a 
median incision and peeling off the mu- 
<*ous membrane. 

Between the vestibular and vocal liga- 
ments the membranous framework is 
thin and is ballooned laterally to form a 
canoe-shaped depression. 

The Intrinsic Muscles (fig. 7J0*of the 
larynx are applied to the sides and back 
of the internal framework like a sphincter, 
imperfectly subdivided into several parts. 

Laterally, it forms a sheet in 5 parts: 
(1) The Lateral Crico-arytenoid is applied 
to the crico-vocal membrane. It arises 
from the upper border of the arch of the» 
cricoid/ passes backwards deep to the 
lower border of the thyroid and is in- 
serted into the muscular process of the 
arytenoid. (2) The Thyro-arytenoid is. 



larynx (on side view). 

the upward continuation of the Lateral 
Crico-arytenoid. It ’ is applied to the ^ 
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vocal and vestibular ligaments and ex- 
tends above them. It arises from the 
lamina of the thyroid adjacent to the 
angle and is inserted into the lateral bor- 
der of the arytenoid. (3) The Vocalis is 
the most medial of the bundles of fibers 
in the Thyro-arytenoid. Triangular on 
cross-section, it is applied to the under 
and lateral surfaces of the vocal ligament. 
^t arises in the angle between the thy- 
roid lamina^, and it is inserted into the 
vocal process of the arytenoid cartilage 
and into an obiong pit* lateral to it; some 
fibers are attached to the vocal ligament. 
(4) The Thyro-epiglotticus. Wisps of 
muscle fiber, lying on the quadrangular 
membrane above the level of the Thyro- 
arytenoid, pass irregularly from the thy- 
roid cartilage to the neighborhood of the 
epiglottic cartilage. (5) The Ary-epiglot- 
iicua is applied to the upper /ree margin 
of the quadrangular membrane. It is a 
continuation of the Arytenoideus Ob- 
liquus described below. 

Posteriorly, there are 2 parts: (1) 
The Arytenoideus is a thick transverse 
muscle that covers the arytenoid car- 
tilages (save their apices) posteriorly^ It 
arises from the lateral border and ad- 
jacent part of the posterior surface of one 
arytenoid and is inserted into the same 
parts of the opposite arytenoid. The 
oblique fibers arise from the muscular 
process, decussate with fibers arising from 
the muscular process of the opposite side, 
and are partly inserted into the apc'x of 
the opposite arytenoid and partly con- 
tinued as the Ary-epiglotticus to or to- 
wards the epiglottic cartilage. 

(2) The Posterior Crico-aryienoidf 
though the last muscle to be described, is 
perhaps the most important of all. Its 
action is to separate the vocal cords, 
thereby widwKng the rima glottidis. All 
other muscles have a sphincteric action , 
and close the larynx. The Posterior Crico- 


arytenoids are, therefore, ''safety mus- 
cles' \ ‘Bilateral paral 5 rsis results in clo- 
sure of the rima glottiiis with the attend- 
ant risk of suffocation. For a similar 
reason we have already referred to the 
Genio-glossi as "safety muscles". 

I'he Posterior Crico-arytenoid arises 
from its own half of the posterior surface 
of the lamina of the cricoid and is there 
separated from its fellow by a ridge from 
which the oesophagus takes origin. The 
upper fibers pasjs horizontally, the lower 
vertically to the muscular process of the 
arytenoid. 

Definitions. The term "glottis", ih 
sometimes applied to the vocal folds 
The term "rima glottidis" is applied to 
the narrow or cleft-like portion of the 
air passages bounded on each side by a 
vocal fold and the base of ^n arytenoid 
cartilage. 

Muscle Actions kxid Uses {Jujs. 755, 
756). The muscles of the larynx have 
three functions, (1) to open the rima 
glottidis, allowing entry of air so that we 
can breathe ; (2) to close the rima glottidis 
and vestibule, denying entry to food when 
we swallow; (3) to regulate the tension of 
the vocal cords when we speak and cough. 

The first two actions are automatic and 
are controlled by the medulla; the third 
is voluntary and is controlled by the 
cerebral cortex. 

MupcLEs Abducting and Adducting 
THE Cords, that is, opening and closing 
the rima glottidis. The paired Posterior 
Crico-arytenoids are the only abductors. 
Their horizontal fibers work on a vertical 
axis and rotate the arytenoids laterally; 
their vertical fibers draw the arytenoids 
down the sloping facets on the upper 
•border of the lamina of the cricoid. The 
Posterior muscles, therefore, abduct the 
cords, i.e., ^viden the rima glottidis. 

The Lateral Crico-aryienoids rotate the 
arytenoid cartilages inedially and, so. 
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adduct the cords. '^The Aryienoidem ap- 
proximates the arytenoid cartila^. 

Muscles Clofing the Vestibule. 
The rima glottidis being closed, the 
Thyro-arytenoids with the help of the Ary- 
epightlic and Thyro-epigloitic muscles 
close the uppermost compartment * or 
vestibule of the larynx, and tilt the ary- 
tenoid cartilages forwards, as in [the act 
of swallowing. 



VERTICAL PART 
OF POSTERIOR 
CRICO-ARYTENOID 


Fio. 755. Scheme of glottis from above, 
explaining the actions of the Lateral and 
Posterior Crico- Arytenoids. 


During the Acrr op Swallowing the 
Ary-epigloltics constrict the entrance to the 
larynx ; the Thyro-arytenoids constrict the 
vestibule and tilt the arytenoid cartilages 
forwards so that their apices touch the 
tubercle of the epiglottis; the Arytenoi- 
devs brings the arytenoid cartilages to- 
gether and the 'Lateral Crico-arytenoida 
swing the vocal processes medially, 
thereby closing the rima glottidis (sde 
also p. 736). • 


arytenoioeus 



Fio. 756. Larynx from behind, showing mus* 
cles and ligaments. 


MueJcLES Affecting the Tension of 
the Cords. The cords being adducted 
•the Crico-thyroids rotate the thyroid car- 
tilage downwards and forwards, away 
from the arytenoid cartilages. At the 
same time the Posterior Crico-arytenoids 
* steady (or perhaps tilt backwards) the 
arytenoid cartilages on the? cricoid carti- 
lage. The slackness of the cords beings 
thus removed, the Vocales muscles are in 
a condition to contract effectively. The 
Vocales may, indeed, be regarded as con- 
trolling the fine adjustment of tension. ' . 


Nerve Supply. Xhe nerve supply to 
the larynx is derived solely from the vagus 
via its superior and recurrent laryngeal 
branches. Both are mixed nerves: the 
superior supplying the Crico-thyroid mus- 
glo and sensation to the larynx above the 
vocal folds; the recurrent supplying all 
the internal muscles and sensation below 
the vocal folds: 

The recurrent laryngeal nerve enters 
the larynx by passing deep to the lower 
border of the Inferior Constrictor and in ’ 
Contact with the back of the crico-th 5 rroid^ 
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joint. There (or lower (1o\\ti) it divides 
into ; an anterior branch which ascends on 
the lateral sheet of muscles and supplies 
them; and a posterior hrajtcti which sup- 
plies the two posteriorly placed muscles 
and anastomoses with the internal laryn- 
geal nerve. 

The superior laryngeal nerve divides 
into the internal and the external laryn- 
geal nerve {fig. 075). The internal laryn- 
geal nerve perforates the thyro-hyoid 
membrane as several branches, crosses 
the anterior wpll of the piriform fossa, 
reaches the lateral sheet of muscles, and 
is sensory to the larynx above the glottis, 
and to the region immediately around the 
aperture of the larynx. The external 
laryngeal nerve supplies the Crico-thyroid. 

Blood Supply. The superior laryngeal 
branch' ot the superior thyroid artery and 
the inferior laryngeal branch of the in- 
ferior thyroid artery supply the larynx. 
The crico-thyroid branch of the sup(Tior 
thyroid artery assists. 

Lymph vessels (p. 77()). 

The Interior of the Larynx. The 
larynx extends from the tip of the epi- 
glottis, which projects above th(‘ level of 
the hyoid ))one, to the louer border of the 
cricoid cart ilag(*. 

The Superior Apafiurc or entrance to 
the laryaix is ob ique. It is bouridc'd by 
the upper border of tlu' epiglotli^, the 
ary-epiglottic fold witji the contained up- 
per ends of the cuneiform and corniculate 
carjtilages, and the mucous membmne 
covering the upper border of the Ary- 
tenoideus (Jig. 72JJ). 

2'he Vestibular and Vocal Folds, alsot^ 
called the false and true vocal cords. 
From each side of the larynx two antero- 
posterior folds, the vestibidar and tl;ie vocal 
folds, project medially into the larynx. 
These overlbd^the ligaments of the wune 
hames {fig. 753) and are about -5 mm. 
apart. The* upper or vestibular fold ex- 


tends forwards from the middle of the 
antero-lfcteral surface of the arytenoid; 
the lower or vocal fol(i extends forwards 
from the vocal process of the arytenoid; 
and l)oth folds reach the angle between 
the laminae of the thyroid cartilage near 
its rtiid-poiiit. The vocal folds are visible 
from above because their attachments are 
medial to those of the vestibular folds. 
They form the anterior I or intermem- 
hranous part of Jfhe rima glottidis; the 
medial borders of the bases of the ary- 
tenoids form its* posterior J or intercar- 
tilaginous part. 

The Three Farts of the Larynx. The 
vestibular and vocal folds divide the 
cavity of the larynx into three parts. (1 ) 
In the upper part or vestibule of the larynx, 
a median swelling, the tubercle of the epi- 
glottis, overlies the thyro-epiglottic liga- 
ment, and a much smaller swelling on each 
si<le overlies the cuneiform cartilage. (2) 
On each side of^the middle part the canoe- 
shaf)ed*depression between ‘Ihe vestibular 
•and vocal folds is called the laryngeal 
sinus (ventricle). From the anterior end 
of the sinus a cul-de-sac of mucous mem- 
brariQ, called the laryngeal saccule (appen- 
dix), extends upwards for about half an 
inch. It lies between the quadrangular 
inembrane and the Thyro arytenoid. Oc- 
casionally, it extends above the thyroid 
cartilage and through the thyro-hyoid 
membrane. In the gorilla, the sactule is 
of enormous size, extending to the axilla. 
(3) The inferior part when viewed from I 
below’, is seen to be roofed over, except 
medianly, by the crico-vocal membranes ; 
it is circular on cross-section. 

Structure. The M ucous Membrane has 
a stratified ciliated epithelium. Goblet 
(4clls, mucous glands, lymph follicles, and 
diffuse lymphoid tissue are present, as 
elsewhere in the respiratory passage. 
Ciliated epithelium gives place to non- 
ciliated where vibration and impact occur, 
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i.e., over the vocal folds] and to stratified 
squamous epithelium over the upifcr part 
of the back of thci epiglottis due to the 
friction of passing food.- The mucous 
membrane is adheYait over the epiglottis 
and vocal folds; elsewhere and especially 
behind, where movements are most fi*eo, 
it is loose. Mucous glands are abundant 
in the pits of tlio epiglottic and cuneiform 
cartilages, in the triangular pit of each 


and later to turn into bone, as does the 
hyoid bone, which also is a branchial 
derivative, at an earlier age. The thyroid 
cartilage in youth can be cut with a knife; 
in later life it requires to be sawn. The 
epiglottic and cuneiform .cartilages are 
not derived from branchial cartilages. 
They are fornfed^ of elastic cartilage 
and, like the cartilages of the external 
ear and pharyngo-tympanic tube, thte 
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Fiq. 757. General plan of the three plurts of the ear. 


arytenoid cartilage, about the ventricles, 
and in the saccule. 

The* Vocal Folds or Cords compose the 
vocal ligament, the Vocalis muscle, and 
‘a covering of thick non-ciliated epithe- 
lium. They are non vascular and there- 
fore pale. They contain little submu- 
coua tissue and no glands and therefore 
they do not easily become swollen with 
risk of suffocation. 

Tppes of Cartilage. The th3a’oid, cri» 
coid, and arytenoid cartilages and the 
tracheal rings are derived from branchial 
cartilages and, so, are hyaline in type. 
They tend to calcify before* middle life 


corniculate cartilages and the vocal 
processes of the arytenoid cartilages, 
they neither calcify^or ossify. 

THE EAR 

The ear has three distinct parts— 
external, middle, and internal {fig. 757). 
• The External Ear consists of ah 
auricle and an external auditory meatiis.’ 

The Auricle has been described (p. 
580). 

The Meatus is an inch (24 mm.) long 
from the bottom of the concha (or ah 
inch and a half from the surface of the’ 
auricle). It is closed at its fundus by the 
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tympanic membrane. It is oval on sec- 
tibift; so, an oval speculum should be 
selected when examining the membrane. 

The Lateral Third of the canal (8 mm.) 
is cartilaginous^ except behind where it is 
completed by fibrous tissue, and it is 
attached by fibrous tissue to the outer 
edge of tfie bony meatua The cartilage 
of the auricle and the cartilage of the 
meatus are one piece of clastic cartilage. 
The anterior^part forms a plate with two 
slits in it. With the tip of a finger in 
the meatus, thp head of your jaw can be 
felt through a slender intervening process 
of parotid gland to move when your 
mouth is opened. The canal is sinuous, 
being convex upwards and convex back- 
wards. So, pulling the auricle upwards 
and backwards strafghtens the cartilagi- 
nous part, thereb}'^ making inspection of 
the drum, through a speculum, possible. 

The Medial Two-thirds of* the canal 
(10 mm.)' is bony and is formed by the 
tympanic bone, except above where* the 
squamous temporal completes ,it’ The 
canal is nar^o^Yest some millimeters from 
the tympanic membrane. Owing to this 
and to the upward convexity of.the canal, 
the lowest part of the membrane oannot 
be seen. 

Sthucturk. Here is found the largest 
piece of elastic cartilage in the body; 
namely, the cartilage of the auricle and 
external auditory mejutus. The cartilagi- 
nous part of the meatus is l^iied wjth thick 
skin in which there are hairs, sebaceous 
glands, and modified sweat glands wliich 
secrete cerumen or wax — hence, boils may 
occur here. These may be continued foy 
a short distance alorig the postero-superior 
part of the bony meatus. Otherwise the 
bony meatus is lined with thin stratified 
squamous epithelium which is adherent 
to the periojlffeum and to the ear drum. 

• Vessels and Nerves. Arteries: pos- 
terior auricular, superficial temporal, and 


deep auricular branch of the maxillary. 
Lymphb vessels: to mastoid, parotid, and 
superficial cervical glaijds. Sensory nerves: 
auriculo-temporal and auricular branch 
of the vagus. The latter nerve emerges 
through the squamo-tympanic fissure. 

The Middle Ear or T^panum. The 
pharyngo-tympanic (auditory) tube and 
middle ear are derived from the 1st and 
2nd visceral pouches, and the aditus 
to the tympanic ^ntrum and the antrum , 
itself are backward extensions of the 
middle ear (Jig/ 768). 

During the act of swallowing the tube 
is opened by the Tensor Palati and air is 
admitted to the middle ear. By 'this 
means the atmospheric pressure is kept 
equal on both sides of the ear drum 
(p. 734). 

A chain of three ossicles passes from 
the tympanic membrane ' across the 
middle ear to a membrane which closes 
an oval window, the fenestra vesiibulif 
lea&ing to the internal >&ar. By this 
** means vibrations in the air are amplified 
and conducted to the internal ear. 

Bony Surroundings. The features 
presented by the sloping anterior surface 
of the petrous bone desc^ribed on page 
630, and of the vertical posterior surface 
(p. 626) should be read again. The floor 
of the middle cranuil fossa (fig. 647) is 
cohimonly papery in thiimess along a 
narrow band which runs from a few 
millimeters behind the foramen spinosum 
towards the suprameatal spine, which 
lies postero-sui^erior to the orifice of 
the extenial auditory meatus. This 
narrow band can be broken through with 
a seeker and, picked away with strong 
forceps. It forms a continuous roof for 
the tube, tympanum, aditus, and antrum 
and it is called, the legmen tympani (Jig, 
768). Just lateral to the tegmen the 
* fingernail can detect the remains of the 
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petro-squamovs suture which fuses during 
the second year. * 

On the under shrface of the skull (fig. 
708) a fissure runs from the pterygoid 
tubercle to the anterior border of the 
external auditory meatus. The project- 
ing spine of the sphenoid divides the 
fissure into two halves: the antero-medial 
half lodges the cartilaginous part of the 
tube; the postero-lateral half encloses the 
bony part of the tube and extends to the 
tympanum. Pass a bjpstle through it 
and get your direction. 

On the lateral aspect of the skull (fig, 
649) the upper border of the zygoma 
is continued backwards above the ex- 
ternal auditory meatus as the posterior 
root of the zygoma^ and above the mastoid 
as the supra-mastoid crest. The position 
of this cresUdepends upon the size of the 
Temporal muscle. Now, it so happens 
that in man the Temporal muscle and the 
floor of the nyddle Cranial fossa usujilly 
lie at exactly the same level ; hence, a hole 
drilled above the supramastoid crest will 
enter the middle cranial fossa. The lower 
part of the mastoid process is rough for 
the aponeuroses of the Stemo-mfetoid 
and Splenius. The upper part, called the 
postauditory process (fig. 780 A )|^is smooth 
and triangular; developmentally, it is a 
downgrowth from the squama of the 
temporal bone and it closes the tympanic 
antrum laterally, just behind the3supra- 
meatal spine. The suprameatal spine lies 
just behind the postero-superior part of 
the orifice of the ext. auditoiy meatus. 

The Tympanic Cavity bears remote 
resemblance to a red blood cell — in being 
narrow and rounded, compressed at the 
center, and enlarged peripherally. It is 
half an inch in vertical diameter; 2 mmf 
acro^ at the center, 4 nim. at the floor, 
and 6 mm. at the roof. The Lateral Wip&Z 
is doiied by the'tjonpanic membrane, but • 
the cavity rises a few millimeters abov6 


m 

the membrane, this part being the 6pi- 
tympanic recess (fig. 760). The Floor 
thin and it rests upon the jugular bulb 
which rises higher on the right side than 
on the left. The Roof or tegmen tympani 
is thin and sloping, and the dura mater is 
adherent to it ; and when broken through 
from above, the malleus and incus are 
seen rising into the epitympanic recess. 
Anteriorly, the tympanic cavity narrows 
to become the pharyngo-t 3 feipanic tube 
(auditory tube). The upper part of tlie 
tube lodges the Tensor Tympani whiCu 
lies on a thin bony shelf, whose tympanic 
end is upturned to form a pulley, the 



Fio. 758. The tegmen tympani and the 
passages it covers. 

B 

processus coMeariformis. The ascending 
part of th^carotid canal forms the anterior 
wall below the orifice of the tube (and it 
ascends medial to it), a delicate plate of 
bone intervening. The Posterior Wall in 
its uppermost part* has a tunnel, the 
aditusy through which the epitympanic^ 
recGBS communicates with the tympanic 
antrum. The aditus has the tegmen for 
its roof, is a few mm. long, and scarcely 
admits a quilL Belpw this, the facial 
nerve descends in the posterior wall ; and 
jutting fonvards from this wall is a minute 
elevation, the pyramid. At the apex of 
the pyramid there is a pinpoint orifice 
through which the Stapedius passes for-^ 
wards to the neck of the stapes. The 
Medial Wall (fig. 769) has at*it8 center a 
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swelling, the promontory^ which overlies 
the first coil of the cochlea. On an ob- 
lique line between the promontory and 
the roof of the aditus are — ^(a) the fenestra 
vestibuli, (b) the canal for the facial 
nerve, and (c) the lateral .semicircular 
canal. The fenestra vcstihi^/i is an oval 
window opening into the Vestibule. It is 
3 mm. in the horizontal axis and it is 
closed by the foot-plate of the stapes. 
The canal for (he facial neire curves back- 
wards on the medial \vii\l (between the 
oval window and pyramid below and the 
lateral semicircular canal above) ahd de- 
scends witliin the posterior wall. The 



Fig 759. The medial wall of the tympanum. 


wall of the canal be deliisjent in its 
curved part. The , lateral semicircular 
canal lies horizontally within the aditus 
and extends forwards abov'e the fenestra 
vestibuli. The bonc<ovor it is raised and 
smooth. The fenestra cochleae is^a round 
window opening into the scala tympaci of 
the cochlea, and closed by the secondary 
tympanic membrane. It lies postero- 
iuferior to the promontory, but it is noi 
evident, since it lies at the end of a de- 
pression that faces backwards. 

The Tympanic Membrane or eardrum 
is nearly ci^lar, being 9 mm. high and 
8 mm. wid^ Set in the sulcus of the 
tjunpanic bone, it faces laterally, for- 
wards, and downwards as though to catch 


sounds reflected from the ground as one 
advances. It is composed of circular and 
radial fibers and is liw^d with epidermis 
laterally and mucous membrane medially, 
and the handle of the malleus is incor- 
porated in it. In fact, the radial fibers 
of the membrane radiate everywhere from 
the handle except over a triangular a^ea, 
th(' memhrana flaccida, between the upper 
end of the handle (short process) and the 
roof of the meatus. At the lower end 
of the handle the membrane is indrawn : 
this point, called the umbo, lies below the 
center of the membrane. The chorda 
tympani crosses the part of the membrane 
medial to the handle of the malleus. 

The Auditory Oss^ict.ks {jly. 700). 
Thon^ are three ossicles — the malleus 
(hammer), incus (anvil), and stapes (stir- 
rup). The Malleus is 8 mm. long. It has 
a round head with a facet posteriorly, 
which ends below irt U cog ; a long handle 
embedded in the membrane and ending 
above in a short process, \vhich is short 
' and conical ; and an anterior process which 
is very slender and extends from the neck 
of the malleus to the squamo- tympanic 
fissure. The Incus is shaped like a molar 
tooth. It has a body (i.e., the cro\vn), 
two diverging processes (i.e., roots), a 
short horizontal one and a long vertical 
one. The body articulates with the head 
of the malleus ; the long process is parallel 
to thc^ handle of the malleus and from 
its end a (lentiform) nodule projects me- 
dially to articulate with the stapes. The 
Stapes has a head with a concave socket 
for the incus ; a short neck ; anterior and 
posterior limbs, which arc attached to an 
oval foot plate. The foot plate is at- 
tached by an annular ligament to the 
margin of the fenestra vestibuli. 

Joints. The ‘ joints between the 
malleus and incus, and the incus and 
^ stapes have synovial cavities. The head 
of the malleus and the body and short 
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process of the incus lie within ^the epi- 
tympanic recess. A ligament susj^ends 
the head of the nlallcus from the roof of 
the cavity, anotlier suspends the body of 
the incus. Ligaments attach the ante- 
rior process of the malleus and the short 
process of the incus to the front and back 
of the caviiy; and around this axis the 
ossicles mov(\ When the vibrating tym- 
panic membrane moves medially, the 
handle of the malleus nlbves too and with 
it the incus, forced by the cog. The 


itfl canal (p. 7 (>9) it turns laterally round 
the processus cochleariformis to the 
upper end of the handle of the malleus; 
this it pulls medially thereby rendering 
the membrane tense. It is supplied by 
nerve V® through the otic ganglion. 

The Stapedius occupies the hollow pyra- 
mid and is but o? few millimeters long. 
Its tendon, on leaving the foramen at 
the apex of the pyramid, passes forwards 
to the neck of the s tapes j* and on con- 
tracting it pulls the anterior end of the 



(e.r=epitympanic recess) 


Fig. 760. The lateral w'all of the tympanum and the ossicles. 


stapes is driven into llio perilymph, which, 
being incompre.ssil)Ie, (*auses the second- 
ary tympanic membrane closing the 
fenestra* cochleae to bulge. 

When the tympanic membrane is forced 
laterally (e.g., when holding the nostrils 
and inflating the middle ear) the malleus 
moves, also, the cog disengages and thvu 
incus is released. By ‘ this device the 
stapes is not torn from the window. 

Muscles. The Tensor Tympani is 
about 2 cm. long. As its tendon leaves 


footplate laterally. It is supplied by the 
facvil nerve. Hence, contraction of -the 
Tensor and Stapedius brings the movable 
parts of the lateral and medial walls 
ocloser together. 

The Epithelial Lining is squamous; 
there are no mucous glands; the ‘'mucous 
membrane” closes the hole in the stapes 
and covers the ossicles, ligaments, and 
tendons forming many folds and pockets, 
especially in the epitympanic recess. Pus 
may collect in theiii. In the tube, howr 
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over, the lining is in part ciliated and it 
contains goblet cells and mucous glands — 
particularly towards the pharyngeal end. 
Hence, mucus escaping from a perforated 
ear drum must have had its origin in 
the tube. 

Vi.sfeELs AND Nerves Tympanic 
Membrane: The two surfaces of the mem- 
brane are supplied by different nerves and 
by different arteries, (a) Lateral surface 
— ^auricular br. of vagus and auriculo- 
temporal nerve; deep auricular br. of 
internal maxillary arfery. (b) Medial 
surface — tympanic br. of glossopharyn- 
geal nerve ; tympanic br. of internal maxil- 
lary artery and the stylo-mastoid artery. 

The Tympanum, Tympanic Antrum^ 
and Mastoid Air Cell^ are supplied by the 
tympanic nerve (Jig. 759) which ascends 
through the minute canal between the 
jugular foramen and the caroti(l canal and 
ramifies on the promontory, which it 
grooves and where it is joined by two 
caroticQ-tympanic twigs of the internal 
carotid plexus. It supplies the fU&e also. 

The arterial supply is (a) the tympanic 
br! of .the internal maxillary artery which 
enters through the squamotyifipanic fis- 
sure, (b) the tympanic br. of the ascend- 
ing pharyngeal artery which fbllows the 
tympanic nerve, (a) carotico-tympanic 
twigs of the internal carotid artery, which 
pierce the wall of the carotid canal, (d) 
the stylomastoid br.«of the posterior au- 
ricular artery, and (e) petrosal bfs. of the 
middle meningeal artery. • 

Veins pass to the pterygoid plexus and 
superior, petrosal sinus. 

Lymph vessels pstss to the parotid and 
retro-pharyngeal glands. 

The Tjnnpanic or Mastoid Antrum. 
The antrum is slightly smaller than the 
tympanum ^which it is a backward ex- 
tension thresh the aditus into the petro- 
mastoid. It occupies the diploic layer 
•at the expeflse of bone marrow. ^ Its roof, 


the legmen iympani, which is thin, sepa- 
rates i^ from the middle cranial fossa. 
The sigmoid sinus is very close behind it, 
separated by some diploe and a semi- 
cylindrical plate of bone, which is part 
of the inner table of the skull. The 
lat^al wall, though described as part of 
the mastoid, is in reality a downwarciex- 
tension of the squama temporalis. It is 
about 1 mm. thick at birth and it in- 
creases by abouh 1 mm. a year until it is 
about 15 mm. , thick. The antrum is 
largfe at birth, but there are no mastoid air 
cells and there is no mastoid process. 
The cells begin to sprout from the antrum 
soon after birth and grow like racemose 
glands, but they are not fully developed 
till puberty. The cells may be few and 
small and the mastoid relatively solid, 
or many and inflated and .the mastoid 
‘^pneumatic*'. They may rupture into 
the groove for the Digastric. They may 
invade the squama and the roof of the 
t 3 rmpa'num. In addition to these mas- 
toid air cells there is another collection 
of air cells, the tubal or tympanic cells. 
These sprout from the medial wall of the 
tympanum near the orifice of the pha- 
ryngo-tympanic tube and, like the 
branches of a tree, twine themselves 
around the carotid canal reaching, to- 
wards, or even to, the apex of the petrous 
bone. 

Thejntemal Ear. The internal ear is 
concerned with the reception of sound 
and with balancing. It lies within the 
petrous bone and has two parts, (a) the 
bony labyrinth, which contains (b) the 
membranous labyrinth. 

The Bony Labyrinth (fig, 761) has 
three parts — cochlea, vestibule, and semir 
Circular canals. The cochlea lies deep to 
the promontory, the vestibule to the fe- 
nestra vestibuli, and the lateral semi- 
circular canal to the aditus. The whole 
apparatus is but 17 mm. long. 
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The Cochlea resembles a snairs shell 
with two and a half coils, IlT has a 
central pillar, tixo} modiolus^ whose base 
lies at the bottom of the internal auditory 
meatus; and from it an osseous spiral 
lamina^ like the thread of a screw-nail, 
projects half way across the canal of the 
cochlea and, with the hasilar membrane, 
which stretches across the other half, 
it divides the canal into two (a): the 
scala vestibuli, which opens in to the 
vestibule, and (b) the scala tympani, 
which is separated from the tympanic 
cavity, at the fenestra cochleae, by the 
secondary tympanic membrane. The two 
scalae are continuous at the apex of the 
cochlea, called the helicoirema, A mi- 
nute duct, the aqueduct of the cochlea, runs 
from the scala tympani through the 
petrous boD« to the notch at the margin 
of the jugular foranien straight below 
the internal auditoiy* meatus. The aque- 
duct brings the perilymph within the 
bony labyrinth and the cerebro-spinal 
fluid within the subarachnoid space into 
communication. 

The Vestibule communicates in front 
with the cochlea; behind with the Ihree 
semicircular canals; and medially with 
the posterior cranial fossa through the 
aqueduct of the vestibule (fig. 767\ 
When the stapes is removed, the ves- 
tibule communicates through the fenes- 
tra vestibuli (oval window) with the 
tympanic cavity. 

The Semicircular Canals, named su- 
perior, posterior, and lateral, are set at 
right angles to each other and occupy 
three planes in space. The lateral canals 
of opposite sides are parallel to each other, 
and the superior of one side with the 
posterior of the other; but they vary" 
somewhat from specimen to specimen. 
They are from 12 mm. to 22 mm. long, 
the lateral being tt^e shortest. Each is 
less than 1 mm. in diametef, except at 


one end where there is a swelling the 
ampulla. They communicate by both 
ends with the vestibule. There are, how- 
ever, but five openings, the superior and 
posterior canals having a ertts commune. 

The superior canal lies at a right angle 
with the posterior surface of the petrous 
bone and produces the arcuate eminence 
(fuj. 647). The posterior canal is imme- 
diately deep to the posterior surface of 
the petrous bone and is parallel to it. It 
comes to within a third of an inch of the 
sigmoid sinus. The hler^il canal is deep 
to the' medial wall of the aditus and it 
runs above the canal for the facial nerve. 


g<?Tn icir qy .. la r 
gftrvaU : 


Lat. 


Ampullae 


Canal for 
facial rv. 



Poet. 

Fenestrae : 

V«9«buliCovaUs)/ CochWa 

Cochleae O^tundaj 

Fio. 7(1. The bony labyrinth. 


The Membranous Labyrinth com- 
prises (a) the cochlear duct, (b) the sac- 
cule, and utricle, and (c) the three 
semicircular durts. It is a closed system 
containing endolymph. A stalk, the duc- 
tus endslymphaticus, passes from the 
saccule and utricle through a canal (aque- 
duct of the vestibule) in the petrous bone 
to the fissure half an inch lateral to the 
Internal auditory ioieatus. There the 
duct, a “safety” expansion sac, is placed 
extradurally. The eochUar duct lies on 
the vestibular side of the basilar mem- 
brane. It is triangular on section and 
has a blind end. The saccule and utricU 
occupy the vestibule. The semictrcular 
ducts only partially fill their feanals. 
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\esskls and Nerves pass through 
the internal auditory meatus. The in- 
icrnal avditory artery is a branch of the 
posterior inferior cerebellar a. The in- 
ternal auditory vein passes to the inferior 
petrosal sinus. The cochlear branch of 
the auditory nerve is audi,toiy ; the vestibu- 
lar hi-anch, distribirted to the utricle, 
saccule, and semicircular (;anals, is for 
eciuilibriiim. 

Facial Nerve, Intrapetrous Portion. 
In the internal auditoi^ meatus, the facial 
neiA'c lies in a groove on the s^uditory 



nerve and is there joined by its sensory 
root (pars intermedia), which enters the 
m’eatus with it. At the bottom df the 
meatus, the nerve enters the facial canal 
and travels through it to the stylo-mas- 
toid foramen. Ite course takes it lat- 
erally, above the vestibule of the bony 
r labyrinth {fig. 761), tg the medial wall 
of the tympanum. There it makes an 
abrupt bei^ the genu. It then arches 
backwards and do^vnwards above the fe- 
nestra vesbituli on. the medial wall and« 
‘ finally descends in the bony posterior wall 


of the^tympanum. At the genu lies the 
ganglio7i of the facial nerve (geniculate 
ganglion) and there tfie greater superficial 
petrosal and a root of the lesser superficial 
petrosal leave it and sympathetic twigs 
(external petrosal nerve) join it. In its 
descending part it supplies the Stapedius 
and gives off the chorda tyrtipani. * 

The Facial Ganglion, is chiefly, if not 
entirely, the cell station of the taste fibers 
in the greater' superficial petrosal and 
chorda lympam nerves {fig. 

The Chorda T'ympani Nerve is dis- 
tributed with the lingual nerve; so, it 
leaves the facial nerve a few millimeters 
above the stylo-mastoid foramen, passes 
forward between the mucous and fil)rous 
lay('rs of the tympanic membrane, cross- 
ing the handle of the malleus, and emerges 
through the m(‘dical end of tlie petro-tym- 
panic fissure. It tjien crosses medial to 
the spine of the sphenoid and joins the 
livguvl nerve*som(''distauce below' on the 
surfacf* of the Medial Pterygoid {figs. 07S, 
006, 700). 

THE LYMPHATICS OF THE HEAD 
- AND NECK 

The Main Chain of Glands of the head 
and neck, called the deep cervical glands, 
"extends along the internal jugular vein 
from the base of the skull above to the 
clavicle below^ (fig. 762). Here it, forms a 
jugulUr lymph trunk, which either opens 
independently into the angle between the 
jugular and subclavian veins or else joins 
the thoracic duct on the left side (the 
right lymph duct on the right). Though 
the deep cervical glands are largely 
covered by the obliquely set Stemo- 
mastoid, a few of them spread forwards 
into the upper part of the anterior triangle 
and many spread backwards beyond 
the posterior border of the Stemo-tnastoid 
into the posterior triangle. All these 
glands lie superficial to the prevertebral 
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fascia, which serves to separate the^ from 
the prevertebral muscles, and the roots 
of the cervical ahd brachial plexuses. 
The inferior belly of the Omohyoid sub- 
divides them into an upper and a lower 
group. A few glands of the u'pper group, 
which extend medially behind the naso- 
pharynx, are called the retro-pharyngeal 
glands. Their afferents come from the 
naso-pharynx and soft palate, middle ear 
and pharyngo-tympai^ic tube. Two 
glands are specially to, be noted, (a) 
the jugulo-digastric gland, which lies'be- 
low the posterior belly of the Digastric 
whene the common facial vein enters the 
internal jugular; and (b) the jugulo- 
omohyoid, which lies above the posterior 
belly of the Omohyoid where it crosses 
the internal jugular. The accessory 
nerve is surrounded by glands both where 
it enters the Sterno-ma*stoid and where it 
leaves it. The upper group of glands 
drains into th^ lower group. The^ lo\j(ier 
group (supraclavicular glands) communi- 
cates with the glands of the axilla and with 
the lymph vessels of the mamma. All 
parts of the head and neck drain through 
the deep cervical chain. The chain** has 
a few forward outposts in the neck, e.g., 
infrahyoid (on thethyro-hyoid membrane) 
whose afferents follow the superior laryn- 
geal artery and come from^ the larynx 
above .the vocal cords; pre-laryngeal (on 
the crico-thyroid ligament) and '^para- 
tracheal (in the groove between the 
trachea and oesophagus) follow the infer- 
ior thyroid artery. These receive afifer- 
ents from the larynx* below the vocal 
cords and from the thyroid gland and 
adjacent parts. 

A Horizontal Series of superficial 
glands .surrounds the junction of head 
and neck. These glands are placed on 
the stems of named blood vessels and 
they receive afferents from corresponding 
territories: one or two occipital glands 


lie on the Trapezius where pierced by the 
occipital artery, an inch infero-lateral 
to the inion. Their afiferents are from 
the scalp: their efferents pass deep to the 
posterior border of the Sterno-mastoid. 
They are palpable in German Measles. 
One or two mastoid glands (post-auricular 
gg.) lie on the mastoid with the posterior 
auricular artery. Their afferents come 
from the scalp and auricle: efferents pass 
to the deep cervical glancls. Several 
superficial parotid^ glands (pre-auricular 
gg) lie superficial to the parotid fascia 
near the superficial temporal and trans- 
verse facial arteries. Their afferents 
come from the scalp, auricle, eyelids and 
cheek. Their efferents pass to the deep 
parotid and superficial cervical glands. 
[The deep parotid glands may conven- 
iently be described now. They are em- 
beded in -the parotid salivary gland. 
They receive afferents from the superficial 
par(\tid glands and from the extetnal 
auditory meatus, tympanum, deep parts 
of the cheek, soft palate and posterior 
part of the nasal cavity. Their efferents 
pass to the deep cervical glands.] The 
superficial cervical glands are small and 
are placed^ beside the external jugular 
vein on the upper part of the Stemo- 
mastoid. They are an offshoot of the 
superficial parotid glands. Half a dozen 
submandibular glands lie on the surface 
of the submandibular salivary gland and 
also between it and the lower jaw, beside 
the facial artery. It has two extension's: 
(1) upwards in the face along the course 
of the facial artery; the facial glands are 
8i\iall and inconstant, except one or two 
at the lower border of the jaw: (2) for- 
wards along the submental arteiy; the. 
submental glands lie on the Mylo-hyoid 
below the symphysis menti. They re- 
ceive afferents from the lower lip and 
chin and also from the tip of the tongue 
by vessels that pierce the Mylohyoid ip 
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company with anastomotic branches of 
the subUngual artery. Its efferents pa^ 
to the submandibular glands and also to 
the jugulo-omohyoid gland. The sub- 
mandibular glands receive afferents from 
its two extensions, and from the face, 
cheek, nose, upper lip, g)ims and tongue. 
Its efferents pass to the upper deep cer- 
vical glands. To examine these glands 
the subject ^should be told to drop his 
chin in order to slacken the cervical 
fascia. One index ffriger should then 
be placed below the tongue, and the 
fingers of the other hand should be placed 
below the jaw and the structures between 
them palpated. ^ 

The Lymph Vessels of the Tongue pass 
ultimately to the deep cervical glands 
between the levels of the jugulo-digastric 
and jugulo-omohyoid. Those from the 
ftp -pierce the Mylo-hyoid and are largely 
inte|!)Bepted by the submental glands. 
Those from the submucous plexus of the 
anterioi- two-thirds in part spread jaterally, 
pierce the Mylo-hyoid and end in the 
submandibular glands; but they also 
imitate the branches of the lingual and 
hypoglossal nerves in passing through 
the substance of the tongue Jn vertical 
planes; the deepest lying in the median 
septum, anastomose with those of the 
opposite side. These vessels pass to the 
deep cervical glandp. The vessels from 
the ‘posterior third imitate thg glosso- 
p^ryngeal nerve in running suh* 
mucously. They pierce the lateral' wall 
of the pbar3mx below the tonsil and run 
to the upper deep cervical glands. - 
The Lymph Vessels of the Tonsil 
pierce or run below the S. Constrictor 
.'mainly to the jugulo-digastric gland. 

The Lymph Vessels of the Upper Teeth 
pass thro^h the infraorbital foramen and 


run with facial artery to the subman- 
dibular glands:.those from the lower teeth 
run through the man(^ibular canal to the 
deep cervical glands. The vessels from 
the buccal surfaces of the upper and 
lower gums run to the submandibular 
glands; those from the lingual part of 
the lower gum end in the submandibular 
and deep cervical glands; those from the 
palatal part of the upper gums accom- 
pany the vessels of the palate to the deep 
ceryical or retrc-pharyngeal glands. 

The Lymph Vessels of the Lar3mx 
above the vocal cords follow the superior 
laryngeal artery through the th3rro-byoid 
membrane to the upper deep cervical 
glands after partial interception by the 
infrahyoid glands: those below pierce the 
crico-thyroid ligament and crico-tracheal 
membrane and pass to the deep cervical 
glands after partial interception by the 
prelaryngeal and paratracheal glands. 
Vessels of the upper and lower parts 
of the larynx anastomose submucously 
in the posterior wall of the larynx but 
not in the region of the cords, which act 
as a barrier, comparable to the one erected 
at the pyloric sphincter. 

The Lymph Vessels of the Ear. Those 
of the auricle and external meatus pass to 
the mastoid, upper cervical and parotid 
glands: those of the tympanic membrane 
and lateral wall of the tympanum pass 
to the parotid glands: those of the 
pharyngo-t3Tnpanic tube and medial wall 
of the tympanum pass to the retro- 
pharyngeal and deep cervical glands. 

The Lymph Vessels of the Nasal 
Cavity from the anterior part run" with 
those of the external nose to the subman- 
.dibular glands: those from the posterior 
pass to the retro-pharyngeal, deep pa- 
rotid and deep cervical glands. 
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THE AUTONOMIC NERVOUS 
SYSTEM 

This system of peripheral nerves dis- 
tributes outgoing or efferent impulses' to 
the heart, unstriped muscle wherever 
situated (e.g., viscera, blood vessels, 
skin, eye) and glands; and, it collects 
incoming afferent impulses from the 
viscera. It has two parts: 

1. The sympathetic system. 

2. The pwasympathetic system: (a) 
cranial portion, and (b) pelvic portion. 

The S 3 rmpathetic System. The sym- 
pathetic system has central connections 
with the thoracico-lumbar part ol tlie 
.spinal cord from the first thoracic to sec- 
ond (or third) lumbar segments inclusive 
(i.e., the first eight and the last eight spi- 
nal segments are excluded). The pira- 
sympalhelic system has central connections 
with the brain through cranial nerves III, 
VII, IX, and X, and with the sacral part, 
of the spinal cord at its (second), third, 
and fourth segments. 

In the sense that the right and 
ropes of the rudder of a rowing boat are 
antagonistic and yet complementary to 
each other, so in general arc the influences 
of the sympathetic and parasympathetic 
systems. Their opposing influences 
‘maintain a balance. Their function is to 
regulate activities at a subconscious level. 
For example, efferent sympathetic im- 
pulses cause the pupil to dilate, the heart 
beat to accelerate, the walls of hollow 
organs to relax and their sphincters to 
contract and, therefore, to retain their 


contents; efferent parasympathetic im» 
pulses have the opposite effect^ — the pupil 
contracts, the heart beat slows, the walls 
of hollow organs, contract and their 
sphincters relax and, therefore, expel 
their contents. Parasympathetic fibers 
do not extend to the limbs or to cutaneous 
structures. ,Stimulation of the sympa- 
thetic system causes constriction of the 
cutaneous and splancTinic arteries. . Dogs 
from which the sympathetic systefix has 
been removed can continue to live pro- 
vided their lives are sheltered. 

Histological Sthucturb. In so, far 
as the voluntary nervous system is con- 
'Cemed, it is well known that the anterior 
and posterior columns (hpms) of gray 
matter extend through every segment of 
the spinal cord; that the cells in the an- 
terior column are efferent (motor) and 
supply the, voluntary muscles through 
axons that make their exit via the an- 
terior nerve roots; that the afferent 
(sensoiy) nerves from the skin, muscles, 
tendons, and joints haye their cell stations 
in the posterior root ganglia and send 
their central axons via the posterior nerve 
roots to end partly in the posterior boms 
where they arborize around connector 
cejls'; and, that the connector cells bring 
them into connection with the cells in 
the anterior horn, thereby establishing a 
' simple reflex arc. 

In the sympathetic system neurones cor- 
responding to the efferent, connector, and 
afferent neurones of the voluntary sys- 
tem are to be found {Jig. iSS). Thp 
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equivalent of the efferent or anterior 
horn cells, called excitor cells, occur (a) 
in the ganglia of the sympathetic chain 
(b) in the sympathetic visceral ganglia 
(cardiac, celiac, intermesenteric, hypo- 
gastric and subsidiary ganglia) which 
are but detached parts^ of sympathetic 
trunk ganglia, and (c) in the medulla of 
the adrenal gland. The gray matter of 
the spinal cord from segments Th. 1-L. 3 
possesses an intermedio-lateral column 
(horn), and it is in^ this intermedio- 
lateral column^ that the sympathetic con- 


ruptio^ji through the ganglia of the sympa- 
thetic trunk (Th. 6-L. 3) to form synapses 
with excitor cells in the sympathetic vis- 
ceral ganglia. 

The greater (Th. G-10), lesser (Th. 10- 
11 and smallest (Th. 12) thoracic 
splanclmic nerves and the upper lumbar 
splanchnic nerves end in the celiac and 
preaortic ganglia, whence they are relayed 
almost entirely as perivascular branches 
to the abdominal and pelvic viscera. 

The adrenal gland is peculiar : branches 
of the lesser splanchnic nerve and upper 
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Fig. 764. General plan of the autonomic 
nervous system. (After Stopford.) 


nector cells are lodged {fig. 76 i). Their 
axons pass as fine, medullatcyl pregan- 
glionic fibers (2.6ai) via the anterior nerye 
roots ahd white rami communicantes 
(Th. 1-L. 3) to the ganglia of the sympa- 
thetic chain, and there form synapses 
with the excitor * cells. Some pregan- 
glionic fibers, however, ascend and de- 
‘ scend in the sympathetic trunk to form 
synapses with excitor cells in ganglia at 
other levji. The thoracic and lumbar 
splanchnic nenes are elongated white 
rami communicantes containing pre-* 
ganglionic fibers that pass without inter- * 


lumbar bpianchnics pass uninterruptedly 
throu|;h the celiac ganglion to synapse 
with cells of the adrenal medulla which 
are developmcntally postganglionic cells. 

The postganglionic fibers, or axons of 
the excitor cells, are mostly non- 
medullated and therefore gray: (a) One 
or more bundles of these gray fibers called 
gray rami communicantes pass from the 
ganglia of the sympathetic trunk-to each 
and every spinal nerve and so reach the 
blood vessels, sweat and sebaceous glands, 
a»rrectores pilorum and dartos muscles: 
(b) the others are visceral fibers. Fibers 
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from the superior cervical eympath^ic gan-- 
glim pass to the cranial nerves and to the 
great vessels of thS head and neck and- so 
reach the various glands, the involuntary 
muscles of the eye, and also the heart 
(Jig. 765 ) : those from the upper thoracic 
sympathetic ganglia (Th. l-S) pass to the 
thoracic viscera (heart, lung, oesophagus 
and aorta). The visceral fibers for the 
abdominal and pelvic organs, as men- 
tioned above, are post-gflnglionic fibers of 
the sympathetic visceral ganglia that have 
been relayed by the splanchnic nerves. 

The visceral afferent (sensory) fibers 
of the sympathetic system mostly have 
thick medullated coats and travel with 
the finely medullated and non-medullated 
visceral efferent fibers. They pass via 
the white. rami communicantes to the 
posterior ro^t ganglia where, like the 
afferent fibers of th^ ^voluntary system, 
they have their cell stations. They enter 
the spinal cor(J by the iJosterior^ ro#ts 
mainly of Th. 1-L. 3), but also of the 
cervical and sacral segments, and synapse 
with the connector cells in the intermedio- 
lateral column of gray matter. Many, 
however, first ascend or descend in the 
S3rmpathetic trunk. 

The Sympathetic Trunk Itself is 
composed of ascending and descending' 
fibers some of which are preganglionic 
efferent, postganglionic efferent, and 
afferent fibers. Interganglionic ajJfeocia- 
tion fibers are believed not to occur. 
The ganglia of the trunk are formed by 
synapses between preganglionic efferent 
neurones and the cell bodies of post- 
. ganglionic efferent neurones. Pregarf- 
glionic neurones are much less numerous 
than postganglionic neurones and, there- , 
fore, tnust form synapses with a number 
of postganglionic neurones, — generally 
over five or more segments. 

Cerebral Control over the auto- 
nomic system is exercised by centers in 


the hypothalamic region, which lies to- 
wards the lower and front part of the 
third ventricle. From here descending 
tracts influence the connector cells. 

The Autonomic Supply op Indi- 
vidual Regions and Organs will be 
considered by diagram and comment. 
The figures indicate for the different 
regions and organs (a) the probable seg^ 
mental locations of the connector cells 


ISYMP. GANGLIA I 



in the intermodio-lateral column of gray 
matthr and the course of their- pregan- 
glionic fibers in the anterior nerve roots 
and white rami communicantes; (b) the 
ganglia in which they S 3 mapse with effec- 
tor cells; and (c) the ultimate distribution 
of the postganglionic fibers. The courses » 
of the postganglionic fibers are described 
elsewhere. 

The connector cells for the head and 
neck are situated mainly in segments Th. 

#4 and 2 of the spinal cord, some however 



780 


A MKTHOU OF ANATOMY 


extend lower; those for the thoracic viscera 
are mainly in Th. 3 and 1; those for the 
upper limb in Th. 2 -9; and, those for i\\c 
lower limb in lli. 3. '^riu* connector 
cells for th(' abthminal and pelvic viscera 



, are in segments Th. 6-L. 3. The visceral 
afferent fibers return via while rami and 
posterior nervQ roots probably mostly to 
the segmentii^rom which the outgoing 
preganglionic fibers arise. The afferent 
’ fibers of the limbs, both superficial (cuta- 


neous)^ and deep (e.g,, from bones, joints, 
muscles, vessels) like the visceral afferent 
fibers, have their cell ^ci^tions in the poste- 
rior root ganglia, and they enter the cord 
via the posterior nerve roots. 

Upper Limb {fig, 706). Preganglionic 
tibertj ascend in the sympathetic trunk 
from segments Th. 2-9 to the middle and 
infi'rior cervical ganglia and to ganglia 
Til. 1, 2. Thence, a dozen or so post- 
ganglionic gray* i-ami pass to the nerves 
of the brachial plexus and are distributed 
vvifli tlie branches of the plexus to the 
limb, llie gray ramus from ganglion 
Th, 2 (Kuntz^s nerve) to nerve Th. 1 
must not be overlooked in operations in- 
tended to (lenei vate the vessels of the 
upper limb : sonn^ gray rami ascend with 
the v(‘rtebral artery to join nerves 5 
and G in the foramina J^ransversaria. 
Gray rami ]>ass directly to supply the sub- 
clavian arti'iy, and c'xtend along it as far 

thf axillary artrTy {fi(^. 080), 

Lower Limb. Preganglionic fibers 
from segments Th. Iff-L. 3 descend in 
the sympathetic trunk to ganglia L. 2- 
S. 3. Thence, as postganglionic fibers 
(gray rami) they pass to the nerves of the 
lumbar and sacral plexuses. The upper 
part of the femoral artery is supplied by 
•an extension from the aortic plexuses 
along the common and external iliac 
arteries. 

II§ad and Neck, The excitor cells 
are sit ua led mostly in the superior cervi- 
cal ganglion. They send postganglionic 
fibers to ike sweat, salivary, lacrimal and 
pituitary glands, to the dilatatbr pupillae 
and the palpebral muscles (of Muller), 
and to the ^ blood vessels including the 
carotid sinus. The thyroid gland receives 
branches from the middle and .perhaps 
from all three cervical ganglia. 

Thoracic Viscera. Cardiac branches 
.pass fron) all three cervical ganglia and 
from the upper five thoracic ganglia to 
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the heart. Pulmonary branches j)roceed 
from ganglia Th. 2, 3 and 4. The upper 
part of the aortajtnd the oesophagus are 
supplied by ganglia Th. 1-5; their lower 
parts from the lower thoracic sympa- 
thetic ganglia either directly or via ^he 
splanchnic nerves. 

AhdominiA and Pelvic Viscera (fig. 
767). These are supplied by the thoracic 
and lumbar splanchnic nerves Th. 6- L. 3 
They are relayed in the celiac, inter- 
mesenteric, and hypogasWic plexuses. 

The Parasympathetic Nerves. Para- 
sympathetic fibers are contained in 
cranial nerves III, VII, IX, and X, and 
in sacral nerves (2), 3 and 4. 

The Oculo-motor Nerve (N. Ill) sends 
fibers to the ciliary ganglion, thence they 
are relayed by short ciliary* nerves to the 
sphincter papillae and ciliary muscle, 
mediating contraction* of the pupil and 
accommodation (fuj. 718). 

The Facial^ NerUe (N. VII), (fig. 
7/t4)* Efferent fibers travelling in the 
sensory root (pars intermedia) of the 
facial nerve carry secretory and vaso- 
dilator impulses to the lacrimal and 
salivary glands and glands of the nose, 
naso-pharynx and roof of the mouth, via 
(a) the greater superficial petrosal nerve to 
the spheno-palatine ganglion, thence by’ 
the zygomatic nerve to the orbit, thence 
to the. lacrimal nerve and so to the 
lacrimal gland: other branches (JF the 
ganglion (fig. 7^4) distribute fibers to 
the glands of the nose, naso-pharynx and 
roof of the mouth, (b) the chorda tympanic 
after passing through the tympanum 
.joins 'the lingual nerve, which brin^ 
fibers to the submandibular ganglion and 
so to the submandibular and sublingual , 
glands. .-The chorda tyippani is, there- 
fore, both afferent and efferent; the 
afferent fibers are taste fibers, the efferent 


ficial petrosal nerve and so to the parotid 
gland. 

The Glossopharyngeal Nerve (N. IX). 
The tympanic branch of the glosso- 
pharyngeal traverses the tympanum, re- 
ceives a small branch from the facial, and 
as the lesser superficial petrosal nerve^ 
passes to the otic ganglion, thence by the 
auriculo-temporal nerve to the parotid 
gland. Nerves VII and IX both supply 
the parotid. 



Tffe relay stations of the preceding 
nerves are in the ciliary ^ spheno-palatine^ 
submandibular and otic ganglia. 

* The Vagus (N. X) {Supplies the respir- 
atory and digestive passages and the 
heart as described on page 713. It acts*, 
upon the involuntary muscle and carries 
secretory and vaso-dilator fibers. The 
vagus causes viscera to contract and 


are secretory: and (c) a small branch of., •empty their contents.’ The afferent fi- ^ 
the facial nerve Joins the lessor super- bera of tho vagus do not carry impulses 
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of pain. The relay stations of the vagus 
are in the walls of the organs it supplies. 

The Sacral Splanchnic Nerves (nervi 
erigentes) S. (2), 3 and 4 behave as vagal 
fibers and are described on page 367. 

BODY TYPES OR BODILY HABITUS 

Mills, as a radiologist working with 
large numbers of persons, recognised that 
healthy human beings differ from each 


He looted (1) that there are variations 
in general bodily physique and in the 
relative capacities of ‘the thorax, upper 
abdomen, lower abdomen and pelvis; 
(2) that there are variations in the form, 
position, tone and mobility of the viscera; 
and- -which is still more important — (3) 
that there arc constant Tclationships 
between (1) and (2); that is, between 
physical types and visceral types. For 




V Fi(!. 7G9. Asthenic habitus. 


ofhet; not only in outward appeamnee, example, a powerful, heavily built indi- 
form, and size, but also inwardly. He vidual with short thorax and long abdo- 
described two extreme physical types, the men has a wide lower thorax and upper 
hypersthenic and the asthenic (Jigs. 766, abdomen and a small pelvis occupied with 
769) which are the antitheses of each much fat. In such an individual (hyper- 
, other, and two intermediate types, the sthenic) the gastro-intestinal tract is 
sthenic and the hyposthenic -, and these placed high (fig. 770), the stomach being 
have their mbdivisions. All four types nearly horizontal, a condition that never 
occur in helfthy persons — ^in normal per- obtains in those of slender physique 
sons, if you wish. • , (asthenic). 
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Features of the Hypersthenic 
Habitus: 

(a) A powerfv^^nd massive physique, 

great body weight, and heavy 
bony framework, 

(b) The^Aoraxisshort, deep, and wide; 

the abdomen is long and of great 
capacity in its upper zone. The 
subcostal angle is very obtuse, 
and the xiphoid process is broad. 

(c) The lungs are wide at their bases, 

and contracted, at their apices 
which project but little above*the 
clavicles. 



Fig. 770. (Left) Hypersthenic 

(d) The long axis of the heart is nearly. 

transverse. 

(e) The gastro-intestinal tract is high. 

The stomach is of the buli-hom 
type, the pylorus being the 
lowest, or nearly the lowest, part 
of the stomach. The entire 
colon is short ; the caecum is well 
above the iliac basin even whep 
the subject is standing; the 
transverse colon is’ short, actu- 
ally transverse, and high; con-* 
sequently the descending colon 
is long, it is also straight. The 
relative proportions of the colon 
are characteristic, sb are its* 
fine, numerous baustrations. 


The gastric motility is fast; 
there is marked tone and rapid 
motility of the colon. Defaeca- 
tion takes place 2-3 times a day. 
Features op the Asthenic Habitus: 

(a) Frail and slender physique, light 

body weight, and delicate bony 
structure. 

(b) The thorax is long and narrow; the 

abdomen is short, ff’here is dis- 
proportion between the pelvic 
capacity and that of the upper 
abdomen, the false pelvis being 



>e. (Right) •Asthenic type. 

often as wide and capacious as 
that of a hypersthenic subject of 
twice the weight. The sub- 
costal angle i5 narrow. 

(c) Th'e lungs are widest above, and 
• their apices reach well above the 

clavicles. 

(d) The long axis of the heart is 

approximately^ in the median 
plane. 

(e) The gastrointestinal tract is low-*. 

The stomach is atonic and 
largely pelvic when the subject is 
Standing. The entire colon is 
long; the caecum is* capacious . 
and loiY in the .pelvis; the 
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transverse colon dips down to- 
wards, or into, the pelvis; the 
haustrations of the colon are 
coarse. The tone of the gastro- 
intestinal tract i.s poor and its 
motility slow. 

The characters of tjie viscera can 
.apparently be related to certain govern- 
ing factors: (a) General body architec- 
ture; a high, wide upper abdomen is a 
long abdomen and is nece.ssarily asso- 
ciated with a short thorax, wide below; 
hence, the lungs arc short and the heart is 
wide, and room is afforded highly placed 
abdominal viscera, (b) The alimentarv’ 


tone in pch persons is good, consequently 
the stomach is hypertonic and nearly 
horizontal and the tf^insverse colon is 
high. This is made possible by the 
capacious upper abdomen, (c) If the 
metabolic need is great, much food is 
consumed; so an active, motile digestive 
system is required, essentiaUo which are 
good gastro-intcstinal tone and high 
position, (d) The state of nutrition 
influences the visceral topography by the 
presence or absence of space-occupying 
abdominal fat. (e) Strength and good 
tone in the skeletal muscles aids greatly 
in the hypersthenic habitu.s. 



CHAPTER 27 


THE BONES OF THE SKULL 

• 

It is, generally speaking, much more 
important W be familiar with the skull 
as a whole than with the individual bones 
that comprise it, because (except in the 
cases of the mandible anti the ossicles of 
the ear) the bones are*united to each 
other by either suture or synchondrosis 
and there is no movement between them. 
Muscle attachments, bony fos.sae, bony 
lines and ridges, blood sinuses, fasciae 
and so on extend from bone to bone with- 
out respect to such joints, so the loca- 
tions of the immovable joints that outline 
the individual bones are of little account. 
How different this js from the limbs, 
where the joints are of the first im- 
portance. , ’ * , • 

The bones of the skull may be classi- 
fied as: 

(a) Bones of the cranial cavity: frontal, 
parietal, occipital, sphenoid, ethmoid, 
and temporal. (Of these only the pari- 
etal and temporal are paired.) 

(b) Bones of the face and nasal cavi- 

ties: maxilla, zygomatic, palatine, nasal; 
lacrimal, inferior concha, vomer, and 
mandible. (Of these only the vomer and 
mandible are unpaired.) * 

The Frontal Bone is shaped like a 
cockle shell and has two parts: a vertical 
part, the .squama, in the forehead ; and a 
horizontal part, the two orbilal plates, 
which forms the greater part of the roof 
of each orbit. Between thb two orbital 
plates there is an oblong space, the elh-' 
moidal notch. 

SuriiA-ORBiTAi. Margin and Outer 
Aspect of Squama. Between the 
squama and each orbital plate is the' 
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supra-orbilal margin’, this is concave, 
forms a third of the margin of the orbit, 
and has either a notch, foramen, or canal, 
the supra-orbilal notch (f. or c.) Ij inches 
from the median plane. The supra- 
orbital margin ends laterally in a stout 
projection, the zygomatic process; medi- 
ally it ends at a pdint, t\is‘medial angular 
process’ Between the right and left 
medial angular processes there is a broad 
semilunar surface, the nasal notch, for 
articulation* with the nasal bones and 
frontal processes of«the maxillae. The 
point in the median sagittal plape be- 
tween nasal and frontal bones, i.e., on the 
nasal notclv, is the nasion. The promi- 
nence half an inch above the nasion is the 
glabella, so called because it is situated 
between the eyebrows and is bald or 
glabrous? Lateral to it on each side a 
fullness, the superciliary arch, extends to, 
or beyond, the supra-orbital notch. A 
sharp line,* the temporal line, curves back- • 
wards from ’the zygomatic process and 
separates the temporal fossa below from 
the region of the scalp above. A fullness 
at the centre of each half of the squama, 
Ihe frontal eminence, marks the site where 
ossification began. Vertical grooves for 
branches* of the supra-orbital nerves are 
sometimes seen on the squama.. 

The Under Surface. Each orbital 
plate is very thin and brittle, and has 
laterally just behind, the supra-orbital 
margin a fossa for the lacrimal gland, and 
medially a spine (or depression) for the^ 
trochlea of the Obliquus Oculi Superior. 
The ethmoidal notch lodges the cribri- 
form plate of the ethmoid. Skirting the 
.notch on each side are 'broken cells which 
overlie the ethmoidal labyrinth and form • 
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the roofs of the ethmoidal air cells or 
sinuses. Two half-canals, anterior and 
posterior ethmoidal canals, run in the 
walls of the cells from orbit to ethmoidal 
notch. The most anterior coll (some- 
times the second most anterior) opens 
into the frontal air sinus. Descending 
from the nasal notch i,s a 'broad triangular 
process, the nasal spine. In fr©nt it 
buttresses the nasal bones; behind these 
bones it articulates on each side with iho 
frontal process of the maxilla; posteriorly 



Fig. 771 Frontal bom* Irom in froiTt 


it has a median crest for thc^ vertical 
plate of the ethmoid, and on each side of 
this a longitudinal groove (4 mm. wide) 
forms part of the roof of the nasal cavity. 
The latter facts are best appreciated on 
inverting a skull and looking at the nar- 
^ row roofs of the nasal cavities just above 
the nasal bones. 

The or Cerebral Slrface 

takes part^n the interior cranial fossa. 
A median ridge, the (internal) frontal. 
• crest extends upwards from the ethmoidal 


notch to a broad shallow groove, the 
^aqiiiaf sulcus. The upper surface of 
cacli orbital plate is coiivex and is marked 
by ridges which occupy sulci of the brain. 

Articulations. Just as you raise 
your hat from your head, so you may 
rafee a frontal bone from off the other 
bones of the skull (nasal, n^xillary, lac- 
rimal, ethmoid, sphenoid and zygomatic), 
because it rests on them; it is true that 
at the upper pstrt of the coronal (fronto- 
parietal) suture the frontal bone overlaps 



the perietal; however, at the lower part 
it is overlapped by the parietal. 

Ossification is in membrane; it begins 
during the 7th foetal week at the frontal 
eminences. At birth the frontal bone is 
in two halves; these fuse about the fifth 
year at the interfrontal or metopic sfuiure. 
Remnants ot this suture persist' at the 
glabella. The frontal air sinuses begin to 
invade the sqtlama and orbital plates 
about the 2nd year. 

The Parietal Bone is described on 
page 678. 
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Ossification is in membrane; it be- 
gins about the 7th foetal week •at the 
parietal eminence^<hat is at the point of 
fullness at the centre -of the bone. 
The parietal bone therefore corresponds 
closely to the frontal, but the, two parietal 
bones do not fuse till the third decafle. ' 
Areas arountj the margins of the parietal 
bone may ossify separately giving rise in 
the sutures to small independent bones, 
commonly the size of a finger nail, called 
sutural {Wormian) bones. Parietal bones 
divided into upper and lower halves have 
been observed. 

The Occipital Bone (unpaired) lies at 
the back and base of the spheroidal brain 
case. ,At birth, and until the third or 
fourth year, it consists of 4 pieces, dis- 
posed around the foramen rp/ignum thus: 
the squamby^s part or squama behind, a 
lateral or condylar pari* on each side, and 
the basilar part or bAsi-occiput in front. 
These names are retained for parts of the 
adult bone. 

The Squama. Near the center of the 
outer surface of the squama is a boss, 
the external occipital protuberance or more 
briefly the inion. From the inion a Kne, 
the superior nuchal line, curves on each 
side to the lateral border, separating 
the area for the scalp above, from the. 
area for the muscles of the neck, the 
nuchal area, below. A median crest, the 
external occipital crest, runs from inion to 
foramen magnum; and from near the 
mid-point on this crest an inferior nuchal 
line curves laterally on each sifle. Below 
the center of the inner surface is an 
elevation, the internal occipital protuber- 
ance, From it a cruciate arrangement of 
lines radiates. The upper" lines bound 
the sagittal sulcue; two transverse lines on * 
each side bound the transverse sulcus; 
and, a prominent median line, the internal 
occipital crest descends to the foramen 
magnum, occasionally splitting below to' 


enclose a triangular depression, the ver- 
mian fossa. The cruciate lines divide the 
intier surface Jof the squama into four 
fossae— two upper ones for the occipital 
lobes of the cerebrum, and two lower 
ones for the hemispheres of the cerebel- 
lum. The upper fossae are covered ex- 
ternally merely 6y scalp, and the bone is 
thick J^the lower fossae are protected ex- 
ternally by nuchal muscles, and the bone 
is thin and translucent. • 

The Condylar Parts. On the under 
surface of each cRndylar* part (and ex- 
tending on to the basilar part) an oval 



articular eminence, the occipital condyle, 
Skirts the anterior half of the foramen 
magnum. Behind eatih condyle there is a 
(posteriof) condylar fossa into which 
usually opens a posterior condylar canal 
for an emissary vein. Lateral to the 
posterior two thirds of each condyle pro- 
jects a bar of bone, the jugular process, 
which is homologous with the transverse 
process of a vertebra. The anterior one ^ 
third of each condyle extends forwards on 
to the basilar part of the bone. The site 
of union between the basilar and condylar 
•parts is marked by the anterior condylar 
(hypoglossal) canal, for the ti'ansmission . 
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of the hypoglossal nerve. The external 
orifice of this canal lies antero-lateral to 
the condyle; the internal orifice lies 
within the margin of the foramen mag- 
num above the middle of the condyle and 
is overhung by thii jugular tubercle. The 
jugular process is grooved both above 
and in front by the sp'gn^d sinus, which 
here becomes the internal jugular vein. 
Posteriorly it is continuoiLs with the 
squama. ' 



The Basilar Part or Basi-Occipu'/ 
(Basi-occipital) is vl bar of bone that ex- 
tends upwards and forwards irom the 
fcrranien. magnum to the basi-spheuoid. 
It is thin and wide at the foramen mag- 
num, but narrow and nearly square on 
cross-section whese it joins the bai^}- 
sphenoid. Its cerebral surface, concave 
from side to side, supp 9 rts the pons and 
medulla, and along each side has a half 
of the gr ^ jfre for the inferior petrosal 
sinus, the^trous temporal having the 
other half. Each lateral margin is united 
b^ synchondrosis'to the petroqs temporal 


bone until the 25th year or later, when 
synostosis occurs. The under surface 
carries one third of ft ^condyle on each 
side, and in front of these are rough mark- 
ings for the attachments of the Longus 
Capitis and Rectus Capitis Anterior. At 
the centre is the pharyngeal tubercle for 
the attachment of the fibfous median 
raphe of the pharynx. 

Articulations. With both parietals, 
both petrous temporals, the sphenoid and 
the atlas. 

» 

Variations. The occipital bone de- 
velops in cartilage, except the portion 
above the superior nuchal line, which 
develops in membrane; this superior part 
may fail to fuse with the rest of the bone 
thereby constituting an interparietal bone. 
The interparietal bone itself develops 
from several centres any of. which may 
remain discrete, ’^thcreby simulating a 
large sutural bofie. The paramastoid 
process is an ©ccEvSional bar of bone that 
descends from the jugular process towards 
the transverse process of the atlas. The 
third occipital condyle is an occasional 
tubercle that projects from the anterior 
border of the foramen magnum to articu- 
late with the dens of the axis. A median 
cleft may extend from the foramen mag- 
num backwards into the squama. It is 
due apparently to the nonappearance of 
an ossific centre {fig. 773). Fusion of the 
atlas Ltnd occipital bone may occur, espe- 
cially at their condyles. 

The Sphenoid Bone. Viewed from in 
front the sphenoid resembles a bat or an 
owl with wings outstretched and legs de- 
pendent. It extends across the base of 
the skull, articulates with numerous 
bones, takes part in many fossae and 
possesses many foramina. It comprises 
a body, two lesser wings, two greater 
wings and two pterygoid processes. At 
birth it is in 3 pieces, the body and lesser 
wings forming one piece, the greater wing 
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and pterygoid process on each side form- 
ing tho other two pieces. It becomes one 
bone during the §fst year. The cubical 
body contains two air sinuses, the right 
and left sphenoidal air sinuses {fig^ 646). 

The Body and Lesser Wings — 
viewed from above. The attenuated 
lesser wing oieaoh side has a free concave 
posterior border which ends medially in 
a blunt triangular spine, the anterior 
clinoid process or bedpost. Medial to 
this it is attached to the.anterior half of 


between these with the ethmoid, wliich it 
also overlaps {fig. 775). 

‘The posterior edge of the jugum is also 
the anterior edge of a groove, the optic 
groove (chiasmatic sulcus), that connects 
the optic foramina of opposite sides. 
The part of the body behind the optic 
groove is the * sdla turcica (Turkish 
saddle) ; it is subdivided into a pommel^ 
a seat and a back. The piommel of the 
saddle is a transversely s6t olive-like 
eminence, the luberculum sellae, each end 
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Fio. 775. Sphenoid Dime — from in front. 


the body by two roots which bouifd the 
optic foramen above and below. After 
birth the upper roots of the two sides 
extend like sliding doors across the upper 
surface of the anterior half of the body 
.and joining form a yoke, the jugurft, 
which conceals this part of the body. 
The upper surface of the lesser wings and , 
jugum forms the hinder, part of the an- 
terior cranial fossa. This surface is 
narrow and flat, and is pointed at each 
lateral end; in front it articijlates with, 
the. orbital plates of the frontal bone and 


of which^may form a spine, the middle 
clinoid process. Behind the tuberculum 
sellae is the excavated seat, the hypo- 
physeal or pituitary fossa. Behind this 
rises a square plate of bone, the' dorsum 
sellcLCy whose upper angles are tubercular, 
the posterior clinoid processes or bedposts. 

The side of the hollow body gives at- • 
tachment antero-inferiorly to the greater 
wing; postero-inferiorly it articulates with 
the apexf of the petrous temporal; and 
•between these lies the foramqp lacerum 
where the -internal carotid artery enters 
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the skull. Between the foramen and the 
anterior clinoid process the bone is faintly 
grooved by the artery. The side of the 
body extends forwards beyond the optic 
foramen, superior orbital figure, and 
foramen rotimdum. 

The hinder part of the body is a square 
‘^epiphyseal” surface, which fuses with 
the basi-occiput before the 25th year. 

The anterior surface of the body has a 
median crest, the sphenoidal crest, which 
forms part of the nasal septum. This 
crest begins above in' a spine, the eth- 
moidal spine, and ends below in d beak, 
the rostrum, which is received between 
the alae of the vomer. A vertical tri- 
angular area at the side of th6 sphenoidal 
crest forms part of the roof of the nasal 
cavity. Near the midpoint of this area 
is the orifice of the sphenoidal air sinus. 
Lateral to this the body artigulatcs with 
the ethmoidal labyrinth. The mouths of 
6 bony passages lie grouped at the side and 
under aspect of the front of the body. 
They are: (a) the optic foramen between 
the roots of the lesser wing, (})) the fora- 
men rotundum at the root of the greater 
wing, (c) the pterygoid canal at the root 
of the pterygoid proce*^^, also fd) t!i(» 
superior orbital fissure bctweell the lesser 
and greater wings, and the palatino- 
vaginal canal below the vaginal i^roccss. 
The sphenoidal sinus is liable to infection* 
and this may spreiid to the structures 
passing through the passages just named 
"T^articularly the first three. Thoi an- 
terior (antero-inferior) surface of the 
lesser wing forms the hinder part of the 
roof of the orbit. * ^ 

The Greater Wing projects from the 
side of the body and its inner or cerebral 
surface forms the anterior part of the 
lateral subd^ision of the middle cranial 
fossa. It % separated from the lesser 
wing by a comma-.shaped fissure, the , 
superior orbital fissure, which ppxens from 


the middle cranial fossa to the orbit. 
The Jof-amen rotundum is situated, below 
the medial end of the superior orbital 
fi.ssure, and passes forwards through the 
root of the greater wing to the pterygo- 
palatine fossa. This fossa lies below the 
lev^el of the orbit and is seen from the 
side of the skull. Behind, its site of 
attachment to the body, the wing has a 
posterior border which ends postero- 
laterally in an a^agle. On the under sur- 
face of the an^le there is a spine, the 
spine of the sphenoid. The posterior 
border grew around and engulfed the 
mandibular nerve thereby foiming the 
foramen ovale and more laterally, at the 
root of the angular spine, it engulfed the 
middle meningeal artery thereby forming 
the foramen spinosum. These two fora- 
mina open downwards into the infra- 
temporal fossa. The small superficial 
petrosal nerve may be similarly engulfed 
resulting in the formation of a third 
foramen, the canaliculus innominatus — a 
minute foramen between the foramen 
o\ale and foramen spinosum. The su- 
perior orbital fissure, the foramen ro- 
tundum, the foramen ovale, and the 
foramen spinosum lie on a crescent (Jig, 
The wing is grooved near its 
tip by the anterior branch of the middle 
meningeal artery. 

The greater wing forms part not only 
of thccniddle cranial fossa, but also of the 
orbit, and of the temporal, infratemporal 
and ptcrygo-palatine fossae. Between 
the temporal and infratemporal surfaces, 
which are set at a right angle to each 
other, is the sharp and often spinous 
infratemporal crest. 

The Pterygoid Process descends ob- 
liquely from the junction of the body and 
greater wing. It consists of two plates, 
the medial and lateral pterygoid laminae. 
They are fused in front, but free behind * 
and below.* Between them is the ptery- 
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goid fossa. At the lower end of the pos- 
terior •border of the medial p&rygoid 
lamina is a delicsfte hook, the hamulus, 
at the upper end is a conical tubercle, 
pterygoid tubercle. This tubercle is the 
guide to the pterygoid canal, which lies 
just above and passes forwards to lihe 
pterygo-pal^tine fossa, where lies the 
spheno-palatine ganglion From the root 


border is free and sharp for the pharyn- 
geal aponeurosis and has a spine for the 
support of the mouth of the pharyngo- 
tympanic tube. The lateral lamina 
forms the medial wall of the ihfra-tero- 
poral fossa. Its posterior border is free 
and serrated; followed upwards it leads 
to the foramen ovale. Its medial surface 
gives origin to the Medial Pterygoid, its 


JUGUM — 5 

OPTIC GROOVE - 
OPTIC foramen 
ANTR CLINOlO PROC *- 
LESSER WING - 


FORAMINA 
AND CANALS 

LACR FOR- -- 

S ORBIT PISS 
FOR ROTUNDUM 
FOR VESALli* — 

FOR OVALE 

C INNOMINATUS 

FOR SPINOSUM ♦ 

PTERYGOID CANAL 
PALATINO VAGINAL CANAL 


TUBERCULUM SE*LAE ) 
hypophyseal fossa ( SELLA 
DORSUM SELLAE ( TURCICA 
PO^>TR CLINOID PROC J 
CAROTID GROOVE 



FOR» 

ANTR BR OF 
MIO NCNINC 
AR-^LRY 


MEDIAL 

PTERYGOID 

LAMINA 


vaginal proc- 

PTERYG TUBER 
SPUR SUPPORTING ■ 
SCAPHOID FOSSA 
HAMULUS 


GREATER W NO 


PTERYG FOSSA 


LAT PTERYGOID 
LAMINA 


-(PTERYGOID NOTCH 
< (CLOSED BY 

( PALATINE tubercle) 

« • 


Fig 776 Sf)henoid bone — from behind 


of the medial lamina a plate, the vaginal 
process, runs medially towards the ala of 
the vomer. On the under surface of this 
process a groove or canal, the palatiiro- 
vaginal canal runs backwafxJs. The su- 
pero-medial part of the pterygoid fossa w 
carried. backwards towards the spine of 
the sphenoid as a sharply defined fusi- 
^form fossa, the scaphoid fossa. The 
medial lamina forms part of the lateral • 
wall of the nasal cavity. Its, posterior 


latetal surface to the Lateral Pterygoid - 
so it is a muscular process. 

Ossification {fig. 646). The body 
&nd lesser wings develop in cartilage; so 
does the root of the greater \\mg and its 
downgrowth, the lateral pterygoid lam-, 
ina. The remainder of the greater 
wiiig develops in membrane. The medial 
pterygoi/d lamina also develops in mem- 
brane, and its line of fusion with the body 
and greater wing is usually obvious-rif 
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runs above the vaginal process and ptery- 
goid tubercle and crosses through the 
pterygoid canal. Further, two paired 
fragments ossify independently in carti- 
lage: one is a curved plate of bone, the 
lingula, which lies above the posterior 
orifice of the pterygoid canal and sweeps 
medially behind the jcarbtid artery; the 
other is a triangular plate, the sphenoidal 
concha, which is applied to the anterior 
and inferior^ surfaces of the body of the 
sphenoid. About the third year the mu- 
cous rnembranoof the fiasal cavity bursts 
through the right and left sphenoidal 
conchae into the body of the sphenoid, 



Fio. 777. Scheme of ethmoid bone. 


thereby forming the right and left sphe- 
noidal air sinuses, ^ 

Variations. The septum between 
the right and left sinuses is usually 
greatly deflected. *TIie sinus is com- 
monly over-inflated, so to speak,* with the 
result that it partly surrounds the (iptic 
foramen (canal), the pterygoid canal, and 
the foramen rotundum so that they pro- 
ject as ridges within it. The walls ol 
the ridges may be resorbed; the optic 
^nerve, nerve of the pterygoid canal, the 
maxillary nerve and also the cavernous 
sinus and (^otid artery are then brought 
. close to the^uco-periosteum of (^he sinus. 

The Ethmoid Bone may be likened to a < 
•yt. George'^s cross made of planks and 


having an oblong box suspended from 
each eftd of the cross-piece. Tho boxes 
are the ethmoidal labyrinths; the cross- 
piece is the cribriform plate (lamina 
cribrosa) ; the part of the upright above 
the cribriform plate is the crista galli; and 
thA part below is the vertical or perpen- 
dicular plate. t 

The ethmoid is developed from the 
cartilaginous nasal capsule. At birth it 
is in 3 pieces -ra median plate, and a 
right and a left^ labyrinth. The median 
plate, which forms part of the nasal 
septum, and the crista galli (cock^s 
comb), wdiich is its upw^ard extension into 
the anterior cranial fossa, arc cartilagi- 
nous; these begin to ossify during the first 
year. The labyrinths, however, are bony 
at birth and, arc joined to the median 
plate by a fibrous lamina cribrosa. Fu- 
sion is complete by the fifth or sixth year. 

The crista galli ife'thick and triangular, 
'rhe falx cerebri is attached to its posterior 
border and apex; the anterior border splits 
into two alae which, with the frontal 
bom*, enclose the foramen caecum. The 
cribriform plate is a fragile, sieve-like 
platb lying at each side of the crista galli 
and occupying the ethmoidal notch of the 
frontal bone. It forms part of the floor 
of the anterior cranial fossa and of the 
roof of the nasal cavities. Through the 
perforations pass the olfactory nerves in 
their arachnoid coverings, also the an- 
terior ethmoidal nerve and nasal branches 
of the anterior and posterior ethmoidal 
arteries -the anterior ethmoidal nerve 
and arterj'^ passing through a special 
opening, the nasal slit. The vertical 
plate forms the postero-superior third of 
the nasal septum {Jig. 745). 

The Labyrinth. Each box-like laby- 
rinth is composed of a dozen or less air 
cells, the ethmoidal sinuses, which open 
medially into the nasal cavity; laterally,* 
It has a smooth, oblong, fragile wall, the 
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orbital plate (lamina papyracea); above, 
it is •covered by the medial pa?t of the 
orbital plate of* the frontal bone .and 
slightly by the* sphenoid. The cells in 
places break through the (bony) walls of 
the labyrinth; those that break through 
the roof proper adopt the orbital plate 
of the fronjal as their new roof, and one 
cell (or more) constantly extends even 
into the frontal bone itself and becomes 
the frontal air sinus, it« stalk being the 
iniundibulum; others are limited by the 
surrounding lacrimal, maxillary, palUtine 
and sphenoid bones. From the hinder 
part of the medial surface of the laby- 



Fig. 778. Ethmoid bone— from behind. 


rinth a scroll, the superior concha, hangs 
downwards; and the medial surface itself 
continues downwards as the middle con- 
cha. A hook of bone, the uncinde proc- 
ess, curves backwards from the anterior 
end of this surface to meet the corre- 
sponding process of the inferior concha, 
thereby ’forming the lower limit of the 
hiatus semilunaris. The oblong pos- 
terior surface of the labyrinth abuts 
against the anterior surface of the body 
of the. sphenoid. 

The Temporal Bone is a composite 
bone, situated at the base and side of the 
skull between the sphenoid in front andi 
the occipital behind. At birth it is in 3 


parts— the squamous, tympanic, and 
petro-mastoid — which fuse during the 
first year. The inner oar lies within the 
petrous part. The tympanic cavity, 
which developed from the first and 
second visceral clefts, is enclosed by the 
three parts of the bone; it communicates 
with the tympanic (mastoid) antrum be- 
hind, and with the naso-pharynx in front 
via the pharyngo-t^Tupanic (auditory) 
tube. Through the bone i^ns the facial 
nerve. The squamous and tympanic 
parts develop ii? membrane, the petro- 
mastoid in cartilage. 
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Fig. 779. Ethmoid bone — from above. 


The Squamous Part or Squama, re- 
^ scmbling a pilgrim's shell, forms part of 
the lateral wall of the cranium. Its 
medial surface, described fully on page 
62 ^, is grooved by the middle meningeal 
artery. From the lower part of its lateral • 
surf ace. the finger-like zygoma (zygomatic 
process) curves forwards {page 677). 
On the under surface is a translucent, 
oval socket, th.e mandibular (articular) 
fossa for the head of the lower jaw (p.. 
692). An angular part, the post-auditory 
process,^ described in the adult bone as* 
part of the mastoid, projects downwards 
for half- an inch below the level of the 
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Fio. 780. parts of the temporal hone 

. at birth. A. Xateral aspect of squamous and 
tympanic parts. B. lateral aspect of petro- 
mastoid part^ (The squamous and tympanic 
pa/'ts have been removed to show^the medial 
wall of the tyn^anum and tympanfc antrum.) 
Qi. Innercaspesl; 

c 


middle cranial fossa, closing the tym- 
panic antrum laterally. 

The Tympanic PAR'J^at birth is a ring 
open above. It- is grooved fOr the tym- 
panic membrane, and attached to it 
laterally is the cartilage of the external 
auditory meatus. During the early years 
of life the ring becomes ov^ and elon* 
gated to form the anterior wall, floor, 
and lower part of the posterior wall of 
the bony external auditory meatus. It 
also extends dowpwards into a plate, the 
tymfianic plate, which forms the posterior 
wall of the mandibular fossa and, splitting 
below to form the vaginal process, partly 
ensheaths the styloid process. 

The Petho-mastoid Part is the most 
important and also the most difiiciilt part 
of the bone to. understand. Its surfaces 
have been dealt with (pp. 62Qy 630, 706) 
In brief : it is pyramidal ; its base is lateral ; 
its hpex is medial Tying at the foramen 
lacejrum. It has three surfaces— an an- 
terior and a posterior, which form parts 
of the middle and posterior cranial fossae 
respectively, and an inferior which forms 
part of the under surface of the base of 
the sfkull. The carotid canal begins on 
the under surface of the bone and takes 
an inverted L-shaped course through it, 
opening into the foramen lacerum at the 
apex. The hinder part, the mastoid 
bone, is grooved internally, at its junction 
with the petrous, for the sigmoid sinus; 
externally it is prolonged downwards into 
a nipple, the mastoid process, but this is 
not presenjb .during the first year of life, 
so the stylo-mastoid foramen, •situated 
where its name suggests, opens subcu- 
taneously and^ there discharges the facial 
nerve. 

For features of the anterior or cerebral 
surface see also fig. 647, for features of the 
posterior or cerebellar surface see fig. 645, 
• and for features of the inferior surface 
see fig. 706. 

The Maxilla or upper jaw (paired) has 
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a body aad 4 proceases. Tbe body is a lory tuberosity {fig. 785). As in the iower 
hollow pyramid with 3 surfaces, Vn apex jaw so in the upper, the roots of the 
and a base. The* most conspicuous fea- teeth (2nd and 3rd molars excepted) 
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ture of the bone is the alveolar process, cause ridges on the thin outer wall of the- 
It. carries eight teeth, each, in its own* alveolar process, but .not op the thick 
socket, and ends behind the 3id molar inner wail, that for the canine tooth’ 
tooth in a free rounded part, the maxQr being*the largest. From the Isli or 
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molar tooth a rounded buttress ascends 
to th^ lower end* of a large triangular 
prominence, the zygomatic process^ which 
forms the trunca*tod apex of the bone and 
is placed where the 3 surfaces (orbital, 
facial and infra-temporal) meet. It ends 
in a rough triangular area for articulrflion 
with the zygomatic bone. The buttress 
and the process separate the facial or 


orbital canal. It is placed 1 cm. below 
the infra-orbital margin and jts direction 
contrasts with that of the mental foramen 
in the mandible, since it opens infero- 
medially. The wfra-orbilal canaly can be 
followed backwards below the infra- 
orbital margin to the middle of the orbital 
surface where/ cQgsing to have a roof, 
it becomes the infra-orbiial groove; this in 




INCISIVE CANAL 

•incisive'crest-I ' 

NASAL CREST-* 


I WITH PALATINE-* ^ 

GTR PAL AT CANAL(^) 

PALATINE.) processes 
ALVEOLAR j 


Fig. 785. Maxilla — lateral aspect. Fio. 786. Maxilla — medial aspect, 

p. C. — dental canals; 1-0. G. and I-O. F. l infraorbital groove and canal; A. N. Sp An- 
terior nasal spine; + — space for orbital process of palatine bone 


anterior surface from the infra-temporal 
or posterior surface. 

The Facial (Antehior). Surf ace is 
flat on & powerful skull, like that of the 
Eskimo, b\it concave in skulls of wWte 
races. The area medial tg the ridge for 
the canine tooth, i.e., betwreen the incisor 
teeth and the anterior n^al orifice, is the 
incisive fossa; the area lateral to this 
ridge is the canine fossa. Opening on to 
the canine fossa is the infra-orbilal foror 
men, i.e., the anterior orifice o^ the infra^ 


turn may be followed backw^ards to the 
upper border of the infra-temporal Sur- 
face. The facial surface is limited su- 
periorly by the infra-orbital margin and 
•Is continuous supero-medially with the 
lateral surface of the frontal process. 

The. Frontal Process is triangular^ 
Its apex articulates with the nasal notch 
of the frontal bone; its anterior border 
supports the nasal bone; its posterior- 
border articulates witfi the lacrimal bone. 
The infra-orbital margin is continued, ..aS 
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the (anterior) lacrimal crests on to the 
lateral surface of the frontal process, 
dividing it into a convex area, which is 
part of the bridge of the nose, and a con- 
cave area, the lacrimal groove. The 
medial or nasal surface of the frontal 
process is partly crossed by an oblique 
crest, the ethmoidal crest,* lor the attach- 
ment of the middle concha. Two-thirds 
of an inch below this, on the body of the 
maxilla, theric is a second oblique crest, 
the conchal crest, for the attachment of 
the inferior concha. The area between 
t^c crests is part of the atrium of the 



Fig. 787. Palatine bone (stippled) in artiru 
lation with maxfila — medial aspect. 


middle meatus of the nose. Above the* 
upper crest a small ‘area forms the an- 
terior wall of an ethmoidal cell. • 

The Infratemporal (Posterior) 

. Surface is smooth, convex, and perfo- 
rated near its centre by one or more 
posterior dental Jorgmina. The part o£ 
this surface just above the tuberosity is 
buttressed by the pterygoid laminae (the 
tubercle of the palatine bone intervening 
as a bufFer)j|ad the part above this is the 
.anterior of the pterygo-palatine 

(pterygcHmaxillary) fossa, wherein* resides , 
the spheno-spalatihe ganglion. . 


The Orbital (Superior) Surface is 
smooth,* triangular, and slightly cop cave. 
Its apex extends on to the zygomatic 
process; its anterior border is the infra- 
orbital margin ; its posterior border is the 
anterior margin of the inferior orbital 
fissare; its medial border is formed by 
the margin of the naso-lacrimal nqtch 
and behind this by articular areas for the 
lacrimal, ethmoid, and palatine bones. 
The surface is ciy^ssed posteriorly by the 
infra-orbital groove. Just lateral to the 
nasedacrimal nofch there is a depression 
for the origin of the Obliquus Oculi 
Inferior. 

The Nasal (Medial) Surface is the 
base of the hollow pyramidal body. Its 
anterior f is separated from the alveolar 
process by a horizontal plate, the palatine 
process. The nasal surface presents, in 
the disarticulated bone, an opening large 
enough to admit tho^thumb. This is the 
orifice of the ma, tillary air sinus or antrum 
of *flighmorc. Between Vhis and the 
'frontal process is a groove (lacrimal 
groove) which forms tw^o-thirds of the 
circumforence of the naso-lacrimal canal. 
The part of the nasal suiface behind the 
maxillary orifice is overlaid by the pala- 
tine bone; and when this is in position a 
perpendicular canal, the greater palatine 
canal, is formed. The maxillary half of 
this canal is continued forwards as two 
groove^ on the under surface of the 
palatine process of the maxilla. 

The medial border of the palatine 
process is slightly raised and with its 
fellow forms the nasal crest, which articur 
lates with the vomer and forms part of 
the nasal septum. Its most anterior part 
is markedly raised to form the ^Hneisive 
trest,” which ends anteriorly on the face 
as the anterior nasal spine. 

The part of the bone carrying the in- 
cisor teeth is the premaxilla, which in 
most mammals is an independent, paired 
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bone. It extends backwards to the junc- 
tion of the nasal &nd “incisive^* crests 
where a canal, ths incisive canal, passes 
from its nasal to its oral surface. 

Ossification. The maxilla proper 
ossifies in membrane from a single centre; 
the premaxilla ossifies from two centres 
or perhaps n^ore. At birth the maxillary 
sinus is the size of a pea, and it enlarges 
as the teeth erupt. At birth the infra- 
orbital nerve lies free on^the floor of the 
orbit just as the supra-orbital nerve lies 
free on the roof. As the maxilla enlai*ges 
the nerve sinks into a groove whose 
lateral edge then folds over the nerve, 
thus* forming the infra-orbital canal and 
foramen. 

The Zygomatic Bone is described on 
page 079. ^ 

Ossification is in membrane from a 

• • 

single center. The bone may be in two 
pieces, so evidently there may be more 
than one center. • , 

The Palatine^Bone (paired) gives* m^ny 
students undue concern. It is a fragile 
li-shaped bone comprising an oblong ver- 
tical plate, a square horizontal plate, and 
3 processes the tubercle, the orbital 
process, and the sphenoidal process. 

Plates. The veflical or perpendicular 
plate forms the portion of the lateral wall 
of the nasal cavity just in front of the 
medial pterygoid lamina. It is applied 
to the binder part of the nasal surjace of 
the maxilla, but projects backwards be- 
hind this so as to form the medial w^all 
of the pterygo-palatine fossa^ (seen from 
the side of the skull) and projects for- 
wards closing the hinder part of tl)e 
opening into the maxillary sinus. The 
horizontal plate articulates with its fellow 
to form^ the posterior third of the bony* 
palate,’ the site of union being raised -to 
form a nasal crest^ for articulation with 
the vomer and ending behind in the pos- 
terior nasal spine. The anterior border 


of this plate articulates with the palafrne 
process of the maxilla; the posterior bor- 
der is sharp and concave. 

Processes. An inverted pyramid, the 
tubercle (pyramidal process) projects from 
behind the lower part of the vertical 
plate and interposes itself like a buffer 
between the pbst,erior border of the 
maxilla (just above the tuberosity) and 
the medial and lateral pterygoid laminah 
of the sphenoid. The tubercle has a 
gutter for each lamina, and between the 
gutters a triangular area forms the lowest 
part of the pterygoid fossa. Surmountf 
ing the upper border of the vertical plate. 



Fig. 7NSf Scheme of palatine bone. 

•» 


are the orbital and sphenoidal processes, 
separated from each other by the 
•U-shaped spheno-palatine notch — much 
as the head and coranoid process of the 
mandible are separated by the mandibu- 
lar notch. The orbital process forms the 
hindermost 3-4 mm. of the floor of the 
orbit. It is a hollow^ box, hollowed by 
an extension from the^sphenoidal sinus or 
the maxillary sinus or a posterior eth- 
moidal sinus. The sphenoidal process is a 
small plate applied to the under surface* 
of the body of the sphenoid and reaching 
to the ala of the vomer. It converts the 
groove below the vaginal process of the 
sphenoid, into the palatino-vajginal carud. 
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(pharyngeal canal). The spheno-palaline 
notch is converted by fhe sphenoid into 
the spheno-palatine foramen; it is the 
gateway to the nasal cavity. 

The Greater Palatine Canal runs 
between the body of the maxilla and the 
vertical plate of the palatine bone and 
opens between the alveolrfr process of the 
maxilla and the horizontal plate of the 
palatine bone as the greater palatine 
foramen, wlvle 2 lesser palatine canals 
descend from the greater palatine canal 


is the upper lateral nasal cartilage. The 
lateral C^ostero-lateral) border is thin; it 
articulates with the frontal process of the 
maxilla. The medial border is a rather 
flat, triangular area which articulates 
with its fellow. The outer or facial sur- 
face of the paired bones is saddle-shaped, 
being convex from side to side and con- 
cave from above downwards. Near the 
centre is a foramen for an emissary vein 
from the nasal ^ucosa. The inner or 
nasal surface of the paired bones presents 


SPHEINOIDAI pROCtSSES 
' ORBITAL 



Fig. 7S9. Palatine bone postern! r aspect 


through the tubercle and oj)cn on to its 
under surface (fig, 7S7) 

Ossification is fiom a single centre 
in the membrane in the lateral wall of the 
nasal cavity. The vortical plate is i,he 
primitive plate, the horizontal is sec- 
ondary. 

The Nasal Bone { paired) is small and, 
stout; it is triangular with truncated 
apex above. It has two surfaces (inner 
ind outer), two borders,* an apex, and a 
base. The wex is blunt, thick, and 
serrated; it^rticulates with the nasal 
notch of the frontal bone. The base is 
l;iroad, thin,**and notched; attached to it 


WITH NASAL NOTCH 
OF FRONTAL 



Fig. 79U NasiU bones articulated — posterior 
aspect. 

a median crest which articulates with the 
nasal §oinc of the frontal bone above, 
with the vertical plate of the ethmoid 
below, and perhaps with the septal car- 
tilage still lower — depending upon how 
far the vertical (perpendicular) plate of 
thp ethmoid has replaced the septal car- 
tilage {see fig, 74o), Lateral to the crest, 
the nasal surface of each bone is concave 
from side to side, grooved longitudinally 
for the anterior ethmoidal nerve, and 
covered with mucous membrane. 

The paired bones form the upper part 
of the bridge of the nose. * The brunt of 
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a blow on the nose is transmitted from 
the nasal bones to the frontal processes 
of the maxillae, tljfi nasal notch and spine 
of the frontal, the vertical plate of the 
ethmoid, and septal cartilage. The nasal 
bone develops in the membrane covering 
the cartilage of the nasal capsule. ^ 
The Lacrigial Bone (paired) resembles 
a fingernail but is much thinner. It has 
two surfaces (lateral and medial) and 
four borders which articulate thus in 
front with the frontal^ process of the 
maxilla, behind with the orbital platP of 
the ethmoid, above with the orbital plate 
of the frontal, and below with the orbital 
plate of the maxilla. The lateral surface 


WITH FRONTAL 



WITH ^MAXILLA 


LACRIMAL > 
CREST 1 
^GROOVE) 


^ /AREAf\ 

" HAMULUS 

OeSCENOING 

PROCESS 
I * 

WITH MAXILLA WITH INFR. CONCHA 

Fig. 791. Lacrimal hone — lateral aspect. 


is divided into an anterior and a pos^ 
terior part by a razor-like crest, the (pos- 
teriorX lacrimal crest, which gives attach- 
ment to the palpebral fascia and Ho the 
Pars Lacrimalis of the Orbicularis Oculi. 
The crest ends below in a hook, the 
hamulus, which may or may. not reach 
the marfein of the orbit. The posterior 
pari? of this surface is flat and forms part 
of the medial wall of the orbit. The an- 
terior part, the lacrimal groove, together 
with the grooved surface on the frontaf 
process of the maxilla, forms a half-tube 
in which lodges the lacrimal sac. This 
part is prolonged downwards into a de- 
scending process which articulates, with 


the lacrimal process of the inferior Concha 
and with it forms the medial wall of the 
nAso-lacrimal canal. The medial or nasal 
surface of the lacrimal bone is covered 
with mucous membrane. A needle per- 
forating it from the lateral surface will 
enter the atrium of the middle meatus of 
the nose, unless* th^^ perforation is made 
posteriorly when it will enter an eth- 
moidal cell, or made above when it will 
enter either the infundibuiura of the 
frontal sinus or an intervening ethmoidal 
cell. The lacrimfil bone ossifies in mem- 
brane.* 

The Inferior Concha or turbinate bone 
(paired) hangs downwards like a scroll 
from the side wall of the nasal cavity. 

PROCESSES:- 



Fio. 792, Inferior concha — lateral aspect. 

In the articulated skull it can be seen 
from the anterior and posti?rior apertures 
of the nose because it extends from a crest 
'on the frontal process of the maxilla to 
a crest on the vertical (perpendicular) 
plate of* the palatine bone. The lower 
border is thickened and gently curved, 
and the ends arc pointed. There are 
three fragile processes one is large and 
downtumed, two are* small and upright. 
The maxillary process curves downwards 
and laterally and forms part of the medial 
wall of the maxillary sinus; it is large, 
thin and triangular. The lacrimal process 
asccnds.from near the anterior end of the- 
ipaxillary proce^ and, by joining the 
descending process of the lacrimal bone; 



802 


A METHOD OF ANATOMY 


completes the naso-lacrimal canal medi- 
ally. The ethmoidal process ascends from 
near the posterior end of the maxillaty 
process and, by joining the uncinate 
process of the ethmoid, completes the 
lower border of the hiatus semilunaris of 
the middle meatus of the nose. The in- 
ferior concha ossifies, in' the cartilage of 
the nasal capsule. 

The Vomer or plowshare (unpaired) 
forms the entire postero-inferior third of 
the nasal septum. When the skull is 
viewed from behind ''die free posterior 
border is seen dividing above into right 
and left alae. Viewed from the front the 
oblique anterior border is seen to be 



Fig. 793. Vomer - side. 

3 T 

grooved in its lower part to receive the 
septal cartilage, and to 1)0 thin in its 
upper part for articulation with the ver- 
tical plate of the ethmoid. Each surface 
is grooved longitudinally by ‘the long 
spheno-palatine (naso-palatiiie) ricrve 
and companion vessels. 

The vomer develops in the postero- 
inferior part of the membrane that lids 
on each side of the ‘‘primitive” septal 
^cartilage. The intervening cartilage is 
absorbed thus allowing the membrane 
bones of the opposite sides to fuse; evi- 
dence of Ste bilateral origin of the vomer 
is still seen, howev.er, in the groove for 
‘ the septal cartilage and in the alae. 


The Mandible is described on page 680. 

Ossification. Tte lower jaw- is the 
second bone in the body to start ossi- 
f 5 ring (sixth foetal week), the clavicle 
being the first. Each half of the jaw 
ossifies from a single centre which appears 
in' the membrane overlying the anterior 
half of MeckeFs cartilage, ,i.e., the car- 
tilage of the first or mandibular »arch. 
In front of the mental foramen, however, 
ossification involves a small part of 
Meekers cartilage, and posteriorly the 



Fig. 791. Mandible at birth. 

condyle and part of the coronoid process 
passed through a cartilaginous stage. 

At^irlh each half of the jaw is a fragile 
trougli ill which the five milk teeth and 
sixth year molar (i.e., first permanent 
molar) lie buried. The mandibular canal 
— in part open above — runs along the 
bottom of the trough. The ramus meets 
the body at a very obtuse angle, the two 
being almost in line. The eruption of 
" the teeth separates the upper and lower 
jaws, hence the angle decreases; con- 
versely, it increases again if the jaws 
become edentulous. Growth takes place 
mainly tlirough additions to the outer 
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surface of the bone and to the posterior 
and inferior borders. * 

The Hyoid Bqfle is shaped like the 
letter U, hence its name (Gk. (H)U- 
eidos = U-like). It comprises a quad- 
rate middle part, the body^ and two proc- 
esses on each side, the greater and leher 
horns (cornua). Muscles ascend to the 
hyoid and muscles descend to the hyoid, 
but no muscle crosses it, so the entire 
length of the bone (from the tip of one 
greater horn to the tip ,of the other) is 
subcutaneous externally and submuebus 
internally {fig. 753). It Ls readily pal- 
pated at the angle where the upper 
part of the neck meets the floor of the 
mouth (pp. 650). Theoretically, the 
simplest way to open the pharynx is (1st) 
to cut transversely through the skin, 
(2nd) to sa\w through the hyoid and (3rd) 
to cut transversely through the mucous 
membrane. Attached to the entire 
length of the body and greater horng is 
the thyro-hyoid membrane. Oddly, the ^ 
attachment is along the upper border of 
the body — not the lower — and the pos- 
terior aspect is free, smooth and in 
contact with a bursa. 

Development and Ossification. 
The hyoid bone is one of the structures 
developed from the 6 paired cartilages of 
the branchial (pharyngeal) arches. 

Each 1st cartilage (Meckel's) is con- 
verted into the incus, malleus, s'j^heno- 
mandibular ligament, and one half of the 
body of the mandible. 

Each 3nd cartilage (Reichert's) is con- 
verted into the stapes, styloid process of 
the temporal bone, stylo-hyoid ligament, 
lesser horn of the hyoid, and upper part 
of the body of the hyoid. » 

The dorsal halves of the 3rd, 4th, 5th 
and ‘6th cartilages are resorbed. The 
ventral halves of the 3rd become the , 
greater horns and lower part of the body 


of the hyoid; the ventral halves ‘of the 
4th and 5th become the thyroid cartilage; 
the ventral halves of the 0th become the 
arytenoid cartilages and (?) the cricoid 
cartilage. 

The body and the greater horns begin 
to ossify independently about the time of 
birth, and remain, united by synchon- 
droses until middle life, when synostosis 
occurs. The lesser horns articulate by 
synovial joints with the juiJction of the 
body and greater horns, and are partly 




Fig. 795. Iiyoid bone— an ter o-su^ri or aspect. 
» 

cartilaginous at middle life; synostosis 
'may occur. 

Variations. The upper part of the 
stylo-hy^>id ligament may ossify, that is, 
the,.styloid process may be unduly long 
and be a lateral relation of the tonsil bed. 
The lower part may ossify, that is, the 
\esser horn may be upduly long (as nor- 
mally in many mammals). 

Muscle Attachments {fig. 795). 

Fibrous Attachments are: the thyro- 
hyoid membrane, lateral thyro-hyoid 
ligaments, tfayro-epiglottic ligament, the 
deep fascia of the neck and the septum of 
the tongue. * 
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•THE SKULL AT BIRTH 

The teeth of the new bom child arc 
rudimentary and uncrupted the child 
can suck but cannot chew. A/*cordingly, 
the facial or masticatory portion of the 
skull is vciy small, being about | the size 
of the cianium or brain pan (in the adult 
it is ] the size) ; the ramus of 1 he mandible 
is almost in line with tlic body; the 
mandibular (articular) fossa is very 
shallow ''{fig 7SO); the air sinuses, 
whicli enlarge as the, teeth erupt, are 
rudimentary; and the nasal cavities are 
small. The orbits aie nearly circular 
There being no mastoid process, the 
stylo-mastoid foramen, thiough which 



the facial nCi ve emerges, is cKpesed Thi^ 
t 3 rmpanic bone being but a ring, the ear 
drum is exposed. At the sites where 
ossification began in the frontal and* 
parietal bones, there<are eminences which 
are almost conical. Ossification ^lot hav- 
ing reached the 4 angles of the parietal 
bone, the skull is still membranous at 
these aroas; that is, there is a fontanelle 
at each angle (Jig-,023). There is alstt 
a median fontanelle (sagittal fontanelle) 
in the interparietal suture, and another 
(metopic fontanelle) in the interfrontal 
or rnetopic suture. 

The bon|g of the skull are thin, easily 
bent and, having no diploe, consist of a 
single plate^. The occipital bone is in 4 


pieces (fig. 773) j the sphenoid is m 3 

fig 040); the temporal is in *3 (fig. 
780- A); the ethmoid*’ is in 3; and the 
frontal bone and the mandible are each in 
two halves 

THE BONES OF THE PECTORAL 
GIRDLE: A REVIEW 

f 

The clavicle is one of the two bones of 
the pectoral giidle; the scapula is the 
other , 

, The Clavicle 

General. In type the clavicle or collar 
bone is a long bone, and accordingly it 
has a shaft and two ends. It is situated 
at the antero-superior part of the thorax 
and there articulates with the sternum 
and 1st costal ^cartilage medially and with 
the acromion (and coracoid process) lat- 
erally. It is palpable from end to end; 
and by palpation it is readily determined 
(1) that the skm is freely movable over 
its Entire length This is due to the inter- 
position of the riatysma; it is therefore 
subcutaneous or, better, subplatysmal] 
\2) that in shape it.s medial part is convex 
forvvard.s, its lateral part concave for- 
waids; and (3) that when it is in correct 
orientation it lies nearly horizontally with 
the lateral end diiected laterally and 
backwards; but, when the Trapezius, 
which suspends the lateral end, is vigor- 
ous, this end is slightly raised (as when 
the shoulders are shrugged). Its func- 
tion ib to act as a strut holding the scapula 
and therefore the upper limb laterally, 
backwards, and slightly upwards. As a 
rci^ult, the limb hangs behind the line of 
gravity and by its weight helps in the 
maintenance of the erect posture. When 
'che clavicle is fractured, the shoulder 
falls medially, forwards, and slightly 
dow nwards, as might be expected. Ani- 
mals such as the dog, ox and horse that 
use their forelimbs merely for support and 
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locomotion (i.e., for forward and back- 
ward motions) have either no clavicles or 
only rudimentary ones; but primates,- 
rodents, guincapigs and bats that employ 
them for grasping, climbing, burrowing, 
or flying (i.e., for side to side motion as 
well) have clavicles. To identify the ^de 
to which a detached clavicle belongs, so 
hold it (a) that the flattened part is lat- 
eral, (b) that the aspect with rough 
markings at both ends is»inferior, and (c) 
that the forward convexity is medial and 
the forward concavity lateral. 

Particular. The clavicle has two func- 


The Trapezius is partly inserted into 
the posterior border of the flattened part 
of the bone and into the adjacent part of 
the upper surface; the Deltoid partly 
arises from the anterior border of the 
flattened part of the bone and from the 
adjacent part of the upper surface. 

The Prismatic Medial J is triangular 
on cross-section like a typical long bone, 
and accordingly has 3 surfaces separated 
by 3 borders. The posteriomurface^ con- 
tinuous with the posterior border of the 
flattened lateral' quarter, is concave, 


tioT\ally distinct parts -one lateral to the 
tip ^f the coracoid process, the other 
media. . The lateral part is flattened and 
forms J I of the bone; the medial part Ls 
prismatic, being triaiigula!i on cross-scc- 
tion, and forjns f The flattened part 
affords anchorage for' the scapula; the 
prismatic part plays *the role of a 16ng 
bone. - • ^ 

The Flattened Lateral J is com- 
pressed from above downwards and is 
united to the scapula both terminally and 
infcriorly, thus: (1) Terminally — there is 
a small, oval articular facet for the acro- 
mion of the scapula, so bevelled that in 
cases of dislocation the acromion is driven 
under the clavicle. The articular end is 
not enlarged like the ends of long bones in 
general, so the articulation depends for 
security upon the conoid and trL^iezoid 
portions of the coraco-clavicular ■ liga- 
ment. (2) Inferiorly—thcHQ unite the 
coracoid process of the scapula to the 
clavicle and are responsible for the fol- 
lowing markings: a tubercle, the conoid 
tvbercley which is placed below the pos- 
terior border of the bone at the junction 
of the .flattened and prismatic parts, and 
a rough line, the trapezoid ridgCj which 
extends diagonally across the inferior 
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Fjq. 797. Clavicle— antero-Bupdrior aspect. 
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Fio. 798. <!;iavicle — postero-inf^rior aspect. 


nearly vertical, and perfectly smooth and 
so protects the subclavian vessels and the 
'brachial plexus which pass behind it. A 
nutrient foramen op^ns on to this surface 
and by its direction indicates the sternal 
end’ to be the more actively growing one. 

The anterior surfaccy continuous with 
the upper surface of the flattened part, 
faces antero-supcriorly. Attached to its 
medial inch and a half in line with the 
insertion of the Trapezius is tlie clavicu- 
lar head of the Stcmo-cleido-mastoid; 
and arising from its whole length in line 
with the origin of the Deltoid is the> 


surface from the conoid tubercle to the » clavicular head of the* Pcctoralis Major — 


anterior end of the articular facet.. 


an interval of an inch or less, representing 
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the base of the delto-pectoral triangle, 
intervening. Between these 4 muscles 
lies the subplatysmal linear strip of the 
clavicle {fig, 57). 

The inferior eurjace, continuous with 
the inferior surface of the flattened part, 
extends from the conoid^ tubercle to the 
medial end where there is a rough, half- 
inch-long depression (sometimes tubercu- 
lar) for the costo-clavicular ligament. 
The area between these points is fusi- 
form, smooth, and gives insertion to the 
Subclavius. The sharp lines bounding it 
in front and behind (= anterior and 
inferior borders) give attachment to the 
clavi-pectoral fascia {fig. 61). 

The inferior aspect of the clhviclc, then, 
is mainly for ligamentous attachments; 
the superior (or antero-superior) is. sub- 
platysmal and palpable betw^een 4 mus- 
clei^; the posterior protects • the great 
vessels and nerves entering the upper 
‘ limb, and it also can readily be palpated, 
provided the Trapezius and Sternomay- 
toid are relaxed as when leaning heavily 
on the arms of a chair. 

The three borders need not trouble us. 

^ The Medial End of the bone* is en- 
4afged and triangular, its 3 m'argins corre- 
sponding to*^ the 3 surfaces of*' the neigh- 
bouring part 6f the bone. Of its 3 angles, 
the superior rises above the manubrium 
and thereby adds to the depth of the' 
supra-sternal notch* the posterior pro- 
jects far back postero-inferiorly ; the an- 
terior. is • nondescript. The end o^ the 
bone is covered with articular cartilage, 
and thisxxtends on to the inferior margin; 
it is, however, separated from . its socket, 
formed by the sternum and first costal 
.cartilage, by a diagonally set articular 
disc. Crossing in front of this end of the 
bone is the flattened sternal head of the 
Sternomaa^ip. Crossing behind it are 
the carotid and subclavian arteries . (or • 
innominate* artery), the vagus nerve, and 


the internal jugular vein; but these are 
separated from the bone by the Sterno- 
thyroid and Sterno-hyoid, the former 
gaining part origin from the clavicle. 

V ARi ATioNS. The clavicle .varies more 
in shape than most other long bones. It 
is peculiar In having no medullary cavity. 
The right clavicle, though stronger than 
the left, is usually shorter. It may be 
perforated by one of the supraclavicular 
nerves {Jig. 59).* 

Ossification^ The clavicle is the 
firs\; bone in the body to start to ossify, 
beginning during the 5th foetal week in 
membrane from two centres which are 
placed close together and which soon 
fuse. One represents the Trapezius- 
Deltoid end, the other the Sternomastoid- 
Pectoralis Major end. The two ends 
pass through a cartilaginous phase. A 
secondary centre Appears at the sternal 
end about the 20ui year and forms a 
sc£^e-like epiphysis which fuses a few 
years later. An even smaller scale may 
be present at the acromial end. 

The Scapula 

General. The scapula is in type a flat 
bone, and in shape it is triangular. It 
therefore possesses 2 surfaces, 3 borders, 
and 3 angles. From the bone there pro- 
ject 2 processes (a) the coracoid process, 
and (b) the spine, which terminaf-es lat- 
erally* in the acromion; so, the scapula 
may legitimately be called irregular. It 
is situated behind the thorax where it 
partly covers 50 per cent of the 12 ribs, 
namely the 2nd-7th inclusive. Tts /unc- 
tions are to give attachment to muscles, 
to form the socket of the shoulder joints 
^and by its free mobility to enhance the 
movements of the shoulder joint. All 
this it can do because its only bony con- 
nection with the trunk is through the 
clavicle. Its articuloJions are with the 
humerus at the glenoid cavity and with 
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the clavicle at the ajromion. To j^entijy 
the sidfe to which a loose scapula belongs, 
place the spine pftsteriorly, the glenoid 
cavity laterally, and the acromion above 
the glenoid cavity. The cavity will then 
face the side to which the bone belongs. 

Orientation (i.e., position in siJace) : Since 
the scapula is applied to the upper part 
of the barrel-shaped thorax, its inferior 
angle lies behind the plane of the glenoid 
cavity, therefore the IsJteral (axillary) 
border is directed obliqyely downwards 
and backwards as well as downwards ind 
medially. The glenoid cavity faces lat- 
erally and slightly upwards and forwards. 

Palpable parts. As the fingers run lat- 
erally along the subcutaneous strip on the 
clavicle, they cross the acromio-clavicular 
joint and pass on to the acromion. The 
tip of this flat plate lies in front of the 
acromio-clavicular joint. The tip, lateral 
border, angle, and posterior border of the 
acromion are i\ot readily •felt when Jhe 
subject is carrying a weight in his hand, 
nor when his hand is merely hanging by 
his side, because in both cases the Deltoid 
is contracted. When, however, the arms 
are resting on the arms of a chair they are 
easily defined, because the Deltoid is then 
relaxed. The acromion is continued 
medially into the crest (posterior border)* 
of the spine of the scapula, and both are 
subcutaneous. The inferior angle of the 
scapula can be grasped and the fingers 
passed between it and the chest wall when 
the subject’s arm hangs by his side, but 
not when he stretches it in front of him, 
because the Serratus Anterior and Rhom- 
boid^us Major are then contracted. The 
medial (vertebral) border, lyhich ascends 
from the inferior angle to the superior^ 
angle, -can be palpated when the limb 
hangs by the side. The lateral (axillary) 
border can be palpated vaguely when the 
muscles are relaxed. The tip of the 
coracoid process is readily felt op pressing 


laterally one inch below the clavicle in 
the delto-pectoral triangle. 

'Particular. Angles. The lateral 
angle is truncated and enlarged to form 
an articular socket for the head of the 
humerus. Because the socket is shallow 
it is called the glenoid cavity (Gk. glene « 
shallow). Its anterior margin is grooved 
for the Subscapularis tendon; this faelp^ 
to give it a pear-shaped appearance. 
The coracoid process, which' rises above 
it, represents the stalk of the pear. In 
the quadruped mammal the cavity faces 
the ground and rests upon the head of 
the humerus; in erect man the scapula is 
thrust backwards by the clavicle, so the 
cavity faceS laterally —making side to 
side contact with ths humerus— but with 
a slight upward and forward tilR The 
inferior angle is thick and rounded arid 
gives attachment to 3 strong itiuscles (fig. 
8o). The superior angle is .relatively 
thin and acute. 

» Borders. The superior border in- 
clines lalerally and downwards from the 
superior angle, where the Levator Scapu- 
lae is inserted, to the upper end of the 
glenoid cavity, where the long head of thcT" 
Biceps arisfib from the supraglenoid tur 
bercle. Tnis border, not being subjected 
to stress or strain and not giving attach- 
ment to muscles - save the delicate Omo- 
\iyoid— is thin and sharp. Laterally it 
becomes abruptly 9ceper, the — 
scapular notch, w*hich is bridgec 
by a"* ligamentous band, the suprascapular 
ligament, which converts the notch into 
a fgramen. Between the notch •and the 
sbpraglenoid tubercle <he border is, so to 
speak, drawn out to form the coracoid 
process. The medial (vertebral) border is, 
arched and is thicker than the superior 
one; because it affords insertion to the 2nd 
layer of muscles of the back, namely, * 
the Rhomboid Minor at the apex of the 
spine, the^Levator Scapulae b*etwcen the* 
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apex and the superior angle, and the 
Rhomboid Major between the apex and 
the inferior angle. The lateral (axillary) 
border is thick and smooth. It extends 
from the inferior angle upwards, laterally, 
and forwards to the glenoid cavity. At 
its upper end it has a rQUgh, triangular 
impression, the infraglenotd tubercle, foi 
the long head of the Triceps 
Surfaces. The costal (ventral) sur- 
face is rabnoVolised by the Serratus An- 



tenor and Subscapu laris. Thus con- 
verging fibres of the Serratus pass to 
raised triangular areas at the superior and 
inferior angles, the inferior being th^ 
larger; diverging fibres pass to a line 
along the medial border, which connects 
. those triangles. The Subscapularis arises 
by fleshy fibres from the remainder of 
• this surfaoii^ except near the glenoid 
ca\nty. It^.also arises from 4 fibrous 
bepta which create sharp lines^'that run 


from the medial border obliquely up- 
wards and laterally towards the glenoid 
cavity. A smooth strengthening bar, run- 
ning close to the lateral border, connects 
the glenoid cavity to the inferior angle 
(fiq- S()) Between this bar and the 
Serratus insertion the surface is concave, 
the subscapular fossa, the concavity being 
deepest at the level of the glenoid cat^ity. 

The dorsal surface (dorsum scapulae) is 
slightly arched 'from above downwards 



and near the lateral border it is corru- 
gated longitudinally. It is divided by a 
triangular plate of bone, the spine, into a 
sinallcr, deep supraspinous fossa and a 
larger, shallow infraspinous fossa. The 
flpex of the spine lies at the medial border 
of the bone and presents a smooth, tri- 
angular area across which aponeurotic 
fibres of the Trapezius play. The base 
pr lateral border of the spine lies a finger’s 
breadth from the midpoint of the pos- 
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terior margin of the glenoid cavity. It 
is very stout and rounded and forms the 
medial border of the spino^lenoid notch 
through which the infraspinous branches 
of the suprascapular vessels and nerve 
pass from the superior to the inferior 
fossa. The anterior border is attached to 
the dorsun> scapulae. The posterior 
border or crest is broad and flat, and has 
an upper and a lower sharp lip with a 
subcutaneous strip betvfeen them. The 
lower is for the Deltoid throughout. The 
lowest fibres of the Traneziiis converge on 
the lower lip superficial to the Deltoid, 
and there create a downwardly directed 
iitbercle. The upper lip lateral to the 
tubercle is also for the Trapezius. 

The Acromion (Gk. akros = a point; 
omos = the shoulder; cf. g.cropolis, acro- 
megaly). The spine of the scapula is 
drawn out laterally rinto a flat, stout, 
triangular plate the dcromion^ which over- 
lies the glenoid, cavity.. It is greatly 
strengthened ty the lateral border of the 
spine which fades away on its under sur- 
face. Due to this it can withstand the 
lateral thrust of the clavicle, the upward 
pull of the Trapezius, the downward pull 
of the Deltoid, and impacts from the 
humerus below. The upper, subcutane- 
ous surface (as you may determine on 
yourself by palpation) is subcutaneous 
and faces postero-superiorly. The lateral 
border of the acromion meets the lower 
lip of the spine at a right angle, the 
acromial anglCy readily located with two 
fingers. This border of the acromion 
gives origin to the Deltoid and possesses 
four tubercles for the attachment’ of 
septa that descend into the Deltoid 
(fig. S3). It is the medial border that 
troubles the student. This has an oval, 
articular facet for the clavicle; behind this 
the Trapezius is attached, in front the 
Deltoid; and the tip gives attachment to 


the apex of the coraco-acromial ligament 
under cover of the Deltoid. 

The Coracoid Process (Gk. korax 
= a crow) shaped like a bent finger, has 
2 parts, a vertical and a horizontal. The 
vertical part is the upward continuation 
of the most lateral part of the superior 
border of the scapula. It is smooth and 
flattened from before backwards. The 
horizontal part is rounded and is directed 
laterally, forwards, and do\\nwards. Its 
tip is rough for the common tendon of 
the Biceps (shc/rt hea,(i) and Coraco- 
brachialis; the anterior half of the medial 
border is marked for the tendon of the 
Pectoralis Minor, which occasionally 
crosses the upper surface (fig. 166), so 
only the posterior half of the upper sur- 
face is marked for the trapezoid ligament; 
a tubercle at the junction of the vertical 
and horizontal parts is for the conoid 
ligament, and also for the suprascapular 
ligament; the lateral border is marked 
throughout its length for the base of the 
coraco^cromial ligament; and approxi- 
mately in line with the X^ectoralis Minor 
the coraco-humeral ligament arises from 
this J:)order. 

Muscle. Attachments. Levator 
Scapulae’»and Rhomboidei 4o the whole 
length of the verteb/al border; long heads 
of the Biceps and Triceps to the supra- 
and infra-glenoid tubercles, the Biceps 
also gaining attachment to the posterior 
margin* of the glenoid cavity (fig. 84 ) ; 
Serratus Anterior and Subscapularis jno- 
nopolise the entire costal surface; Spinati 
and Teretes monopolise the entire dorsal 
, surface; Trapezius and Deltoid are at- 
tached to opposite lips of the crest of the 
spine and to opposite borders of the 
acromion; Omohyoid to the upper border 
beside the notch; Pectoralis Minor; 
Coraco-brachialis and Biceps (short head) 
to the coracoid process; Latissimus Dorsi 
may receive a few fibtes from the inferipr 
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angle. Ligamentous attachments: In addi- 
tion to the capsular ligaments of the 
shoulder and acromio-clavicular joints 
there are 4 scapular ligaments; and all 4 
are attached to the coracoid process. 
They are: the coraco-clavicular (conoid 
and trapezoid); coraco-acromial, coraco- 
humeral and suprascapul&r. 

Medullary Foramina are small and 
numerous; a large one occurs on the 
dorsum jyst i)elow the spine, and another 
large one about the corresponding point 
on the costal sufface. ' 

Structure. The bone is thick and 
strong between the tip of the coracoid 
and the inferior angle; the acromion also 
is strong (fig. 86) but the body of the 
bone is thin, translufent, and devoid of 
cancell 9 ?is tissue. 

Ossification. The primary centre ap- 
pears at the 8th foetal week. Secondary 
centres: for the coracoid in the 1st year, 
and ^ubcoracoid, including the upper 
end of the glenoid cavity, in the 10th 
year; these- fuse with the scapula during 
the 15th year. About puberty two 
centres appear in the acromion and others 
^ the medial border and inferior angle; 
all of these fuse with the main'mass about 
the 20th yeat (Jig. 78). * 

Anastomoses around the scapula (fig. 
76). 

Variations. The terminal epiphysis 
(metaphysis) of the acromion commonly 
fails to unite; the failure is usually bi- 
lateral; the epiphyseal line passing trans- 
'versely through the hinder part of the 
oval, articular facet or just behind • it 
(Jig. 78). The poftion of the medial 
border of the scapula below the level of 
the'^'spine may be* convex, straight, or 
<joncave. There are indications that 
bearers of ^e convex type are more 
i^istant td*^isease, longer lived, and 
more intelligent than bearers of the othef 


two types (Graves). The supraclavicular 
ligamei^i may be ossified. 

BONES OF THe'cARPUS— IN 
SOME DETAIL 

The Scaphoid Bone (Gk. skaphe == a 
boit). 

The hollowed-out interior^ of the boat 
articulates with the side of the head of 
the capitate, and faces medially. Above 
this and also fajeing medially, a narrow, 
flat, crescentic surface for the lunate 
rep’^esents the stem of the boat. The 
smooth, rounded, exterior of the boat (it 
has no keel) is extensive, articulates with 
the radius, and faces supero-laterally. 
The prow, called the tubercle, lies infero- 
laterally at the front of the bone. The 
fo’c^lse (the distal surface) is convex and 
oval for the trapezium aneji trapezoid. 
Posteriorly, laterally and anteriorly there 
aremon-articular areas, the anterior one 
being concave. • Only through these areas 
can' blo'od vessels supply the bone. 

' Surface Relations. Distally, the tu- 
bercle of the scaphoid is prominent and 
palpable behind the point where the 
Flexor Carpi Radialis tendon intersects 
the lowest skin crease at the front of 
the wrist (fig. 116). Proximally, the 
scaphoid extends a finger\s breadth above 
the skin crease —in fact, up to the 
prominent, palpable, crest-like anterior 
border# of the lower articular surface of 
the radius. Laterally, it is palpable in 
the anatomical snuff-box, especially dur- 
ing adduction of the hand. 

The Lunate Bone lies behind the mid- 
point of the most distal skin crease at the 
front of the wrist (fig. 123). It is 
semilunar or crescentic. The concavity 
feces distally, and with the concavity of 
the scaphoid forms a socket for the head 
of the capitate. The convexity faces 
.proximally, articulates with the radius, 
ahd cprrespdnds in shape and size to the 
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radial surface of the scaphoid (fig. 
ISl). .Laterally tfiere is a narrow, flat 
crescent for the scaphoid. The medial 
surface is flat and square for the tri- 
quetrum. Between the triquetral and 
capitate surfaces there is an antero- 
posterior articular strip for the apej? of 
the hamate. The non-articular, anterior 
surface is much wider than the posterior. 

The Os Triquetrum (L. = three 
cornered, triangular) is <;uneiform. The 
base is flat, square, and faces laterally for 
the lunate. The apex points medially. 
The distal surface is sinuous for the 
hamate. The anterior surface is flat, 
rough and has a large, round (commonly 
raised) isolated facet for the pisiform. 
The postero-superior surface is convex 
and rough, save for a small facet— the 
end of ah oval— for the articular disc of 
the wrist joint on full adduction (figs. 
119, 122). 

The Pisiform Bone (L. pisum = a pea) 
is larger than^‘the sesamoid bones of 'the 
big toe. It has only one facet and that 
is for the triquetrum. The facet is large 
and flat (or slightly concave) and on the 
posterior surface. It does not readli the 
most distal part of this surface. The 
lateral surface, beside which runs the 
ulnar nerve, is flatter than the medial one. 

The other surfaces are rounded. The 
pisiform is crossed by the most distal 
skin crease at the wrist and the Flexor 
Carpi Ulnaris descends to it. On clench- 
ing and relaxing the fist the pisiform can 
be felt moving up and down. When the 
wrist is flexed and limp the pisiform can 
be moved from side to side. 

The Trapezium (Gk. trapeza = a 
table) (greater multangular) has distally 
a saddle-shaped facet for metacarpal 1, 
but this facet has a lateml tilt because the 
thumb is not in line with the fingers. 
The anterior, lateral and posterior sm- 
faces are rough; on the anterior surfade 


there is a vertical groove for the Flexor 
Carpi BadialAs tendon. On each side oi 
the groove is a vertical ridge for the 
flexor retinaculum; the lateral is the 
more prominent and is directed towards 
the hook of the hamate. The medial 
surface is a concave half-oval facet for 
the trapezoid;' between this and the 
saddle, and in line with the vertical 
groove, is the small facet for metacarpal 2. 
The proximal surface is a qoncave half- 
oval facet for the scaphoid. 

Surface RelXtions The ridge is 
continuous with the tubercle of the 
scaphoid and can be felt distal to the skin 
crease at the wrist. The trapezium is 
also palpable in the snuff-box at the base 
of metacarpal 1. ,, 

The Trapezoid Bone (Gk. trapeza » a 
table; eidos = like). Next to the pisi- 
form this is the smallest of the carpal 
bones. The posterior non-articular sur- 
face is much larger than the anterior- 
one. The medial surface is an oblong 
facet, concave antero-posteriorly for the 
capitate. The lateral surface is a convex 
half-oval facet for the trapezium. The 
proximal surface is a concave half-ovpi 
facet for the scaphoid. The distal sur- 
face fits like a wedge into the groove on 
the base of metacarpal 2. 

The Capitate Bone (L. caput a 
head) has at the proximal end a rounded 
head for the socket formed by the lunate 
and scaphoid, so this articular surface 
extends well on to the lateral aspect. 
Its posterior non-articular surface is . 
flattish, and is* broader than t^he more 
rounded anterior one, The base (inferior 
surface) is flat for metacarpal 3, and has a 
linear strip laterally for metacarpal 2. 
and a sjnall facet postero-medially for 
metacarpal 4. The medial surface is 
flat and resembles a judge’s head and wig, 
the head being rough for the powerful 
interosseous ligament thai joins the 
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hamate, to the capitate; the wig or 
posterior margin is articular. The lateral 
surface includes part of the head, as 
mentioned; distally it is convex an tero- 
posteriorly for the trapezoid. ' 

The Hamate Bone (L. hamatum = 
hooked) is a wedge-shaped bone with a 
hook. The anterior find posterior sur- 
faces are rough and non-articular; the 
hook curves laterally from the anterior 
surface and joints towards the ridge on 
the trapezium, for both give attachment 
to the flexor retinacililum, (fig. 131). 
The distal surface or base has two cOncave 
facets which allow metacarpals 5 and 4 to 


flex and extend; the medial one is some- 
what triangular (or quadrate), theJateral 
one is quadrate (cf. tlie cuboid bone of 
the f oot) . The- lateral surface is flat and 
partly articular for the capitate and 
partly rough for the strong interosseous 
ligfiment which unites it to the capitate. 
The supero-medial surface, is sinuous 
for the triquetrum. The hook is crossed 
by the ulnar nerve and artery, and its 
lower border is grooved by the deep 
branches of the ulnar nerve and artery. 
The hook is felt as a resistant surface on 
pressing deeply in the palm infero-lateral 
to the pisiform. 
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Abdomen, 200 
Acetabulum, 389, 454 
Acromion, 94* 100, 175, 809 
ossification, 101 
parts covered by, 10 1 
Adenoids, 57, 724 
Aditus to antrum, 769 
Adrenalin, 277, 532 
Agonist. Sec “Prime mover’* 

Ala of sacrum, 326 
Al^jeolus, 52<) 

Ampulla, of reclum, 3-4 4 
of uterine tube, 357 
of vas deferens, 66, 342 
of Vatei, 270 
Anastomoses, 30 
of ankle, 

arte no venous, 37 
cruciate, 397, 413 
of elbow, see fig. 185 
genicular, 47^/ 

()f hand, 15S 
of heart , 54 4 
of liver, 251 

of portal vein (accessory portal system;,252 
posterior interosseous fof forearm) ,• 165 
of profunda braohii, 123 
rectal, 345 
scapular, 99 
of wrist, 157 
Angle- 
acromial, 809 
carrying, 189 
of jaw, 681 
of ribs, 

anterior, 206 
posterior, 499 
irido-corneal , 646 
Internal (of Louis), 79, 494 
Ansa hypoglossi, 659 
subclavii, 622 , 669 
Antagonist, 29 
Antitjagus, 580 
Antrum — 

of Highmore. See ‘‘Sinus, maxillary” 
mastoid. See “A. tympanic** 
pyloric, 226 
tympanic, 772 


Anus, 225 

Aorta — 

arch of, anomalies, 565 
definition, 517 
definitive, 550 
primitive, 555 
relations, 536 
surface anatomj', 533, 563 
variations, 56fi 
ascending, 536, 540 
branches of, in abdomen, 285 
ill thorax, 563-564, 568 
coarctation of, 565 
descending, abdominal, 2S.1 
relation to i.v. cava, 291 
thoracic, 517, 56? 
development, note on, 555, 565 
Aperture — 

of laryii'^ superior, 760 
nasal . anterior, 574, 752 
posterior, 704, 724, 752 
^orbital, 5/3 

piriform. See “A. nasal, antervpr** 
Aponeurosis, 24 

bicipital (lacertus fibrosys), US 
epicranial, 590 
palatine, 728 
pafinar, 152 
plantar^ 4%2 
tricipital, 118, 166 
Appendix, Appendices— 
of epididymis, 220 
epiploicae, 228 
testis, 220 
vermiform, 228 
structure of, 264 
'Acjucduct, of cochlea, 626, 773 
of vestibule, 773 
Arc, reflex, 45 
Arc of Riolan, 262 
Arches and Arcus— 
of aorta. See ‘‘Aorta** 
of atlas, 601, 696 
axillary, 93 
carpal, anterior, 158 
posterior (dorsal), 158, 166 
coraco -acromial, 182 
.costal. See also “Ribs**, 495, 496 
jointg of, 497 
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Arches i^d Arcus — continued 
of foot*. See “Springs’* 
glosso'palatine. See “A., palato- glossal” 
lumbo-costal. See “Ligament, arcuate” 
neural, 12 

palato-glossal, 724, 738 
palato-pharyngeal, 725, 738 
palmar, <leep, 158 
sui^erfioial, 156 
plantar, 44H 
pubic, 392 

# 9 iipcrciliary, 574, 785 
tendinous (arcuate line), 330 
venous, cforslil, of foot, 373 
of hand, 114 
vertebral, 11 
zygomatic, 573, 677 
trea, nuchal, 787 

of superficial cardiac dulness, 526 
triangular, at bjise of bladder, 342 
iirrectorcs pilonini, 71 
LRTERIES, of abdominal wall, 205 
abnornrp'l, 37 
accessory, 37 
acromio-thoracic, 85 
adrenal, 287 
angular, 58" 
aort^. See “Aorta” 
appendicular, 261 
variations of, 261 
arcuate, 418 

auditory, internal, 621, 622 
auricular, deep, 691 
^ posterior, 662 
axillary, S5 
of back, 611 
basilar, 622 
brachial, r2C 
high division of, 122 
variations in, 121 
bronchial, 516, 531 
of bulb, 315 
calcaneal, lateral, 432 
ined-ial, *432 
carotid, common, 666 
left, 

in neck, 660, 708 , 
surface anatomy, 565 
in thorax, 518 
right, 660, 708 
external, 660, 684 
internal, 

in necl^660, 708 
in skull 7619, 621 ,. 632 
carpal anterior, 134^ 158 
•posterior (dorsal) radial, 159 


cecal, (caecal), 260 
celiac>248-249, 286 
central of retina, 643, 64'J, 
cerebellar, anterior inferior, 622 
posterior iiifeYior, 622 
superior, 622 
cerebral, anterior, 621 
4 niddlo, 621 
posterior, 620 , 622 
cer\ical, ascending, 670 
deep, 670 

transverse, 99, 598, 669 
ciliary, 643-614 

circumflex femoral, lateral 382, 412 
medial, 382, 412 
variations in, see fig. 105, p. 123 
humeral, 86 
iliac, deep, 210, 214 
superficial, 206, 374 
scapular, 104 
coeliae. See “A. eeliae” 
colie, 2^10 -262 

\ a rial ions in marginal, 262 
comnuinicating, posterior, 621 
coronary, 511 
variations in, .542 
cremasteric, 206 
cri^o-thvroid, 6^2 

to eru> penis. 8ee “A , dccjj, of penis” 
cystic, 2.50, 272 
deep ' crvical, 670 
circuniilex iliac, 210, 214 
of*clitf)ris nr penis, 315 
• leferem (of vas deferens;, 218 347 
ilciital, Nuperi*)!, 7.5S 
inferior, 691 
jmstenor superior, 692 
development of, in lower limlj, 413 
digital, r>f foot, 417, 418, 449 
of Ii» nd, 157, 166 

dorsalis indicis. See “A., dorsal digital,” 166 
linguae, 743 
pedis, 117, 432, 4 48 
variatiiSns in, 418 
penis, 312, 315 

'pollieis, indicis. See '"A., dorsal digital,” 
166 

end-arteries, 37 
of duodenum, 251, 270 
of gut, 227, 260' 

vasa recta. See “Vasa recta” 
epigastric, inferior, 205, 214 , 239 
superficial, 206, 374 
superior, 206, 505, 506 
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ARTEIIIES — continued 
ethmoidal, 624, 644| 756 
facial, (ext. maxillary), in face, 687 
in neck, 661, 6Q/, 665 
branches, 665 
transverse, 588 
femoral, 380, 381 
to G. I. Tract & Co., 286 
gastric, left, 249, 254 
right, 260t 254 
gastro-duodenal, 250 
gastro epiploic, 250 251 
genicular, 413, 171 
descending, 388 
to glands, three paired, ^87 
gluteal, inferior, 347, 400 
superiiir, 347, 400 

“great arteries/’ note on development, 555 
of hand, 155-156 

heinoirhoidal Sec “ \ T^eclal’’ 
hepatic, 250 
accessory, 251 
collatcrr\l aniustoinoscs, 251 
hypogastric. See “A., iliac, internal” 
ohlileratctl Sec “4 ) umbilicar’ 
ileal, 260 
ileo colic, 260 
iliac, common, 285 
external, 285 
internal, 2S5, 346 
ilio -lumbar, 348 
infra-orbital, 692 
inguinal, superficial, 20G, 373 
innominate, 565 
Intercostal, 570 
anterior, 505 
posterior, 506, 570 
superior, 521, 670 
interosseous, anterior. 129 
common, 134 
posterior, 165 
recurrent, 165 
jejunal, 260 
labial, of face, 579, 587 
of vulva, 317 
lacrimal, 644 
laryngeal, 766 

of limb, lower; note on development, 413 
comment on, 451 
lingual, 661, 664, 665, 743 
lumbar, 288 
malleolar, 418 

mammary, internal, 505, 670 
branches of, 570 

marginal of Drummond, 260; 262 


to masse ter, 686 
maxillary (internal) 660, 684. 691 
third part of, 762 
external. See “A. facial” 
median 134 
meningeal, 622 
accessory, 691 
middle, 622, 634, 691 
mesenteric, inferior, 259, 261, 287 
superior, 259, 2S7 
metacarpal, dorsal, 166 
palmar, 158 

metatarsal, dorsal, 417, 41S 
musculo -phrenic, 505, 570 
nasal, lateral, ^ 
nutrient (iruedullary), 8 
obturator, 348, 411 
abnormal, 348 
occipital, 611, (>62 
ophthalmic, 621. 643 
ovarian, ‘?87, 360 
palatine, ascending 665 
descending, 602 
palmar arch, deep, 158 
superficial, 135, 156 

pancreatlco-duodcnal, inferior, 260, *269 
superior, 251, 209 
-pf pelvis, 346 
of penis, deep, 315 
perforating, of foot, 448 
of hand, 158, 166 
of thigh, 412 

pericar^iaco-phrenic, 506, 515 * 

peilneal, 315 
transvetsc, 310, 315 
peronefiCy, 432 
pharyngeal, 692 
ascending, 662 
phrenic, 287 
plantar, 448, 449 
popliteal, 407, 413 
profudda braebii, 120, 123 

variations in. See figs. 104, 105 
cervicis, 611 

of dorsalis pedis, 417, 448 
femoris, 381, 411 
of tongue, 743 • 

of pterygoid canal, 692 
pubic, of inferior epigastric, 206 
of obturator; 348 
pudendalv external, 206, 215, 374 
* internal, 308. 313« 315» 347 
pulmonary, 530, 536, 540 
radial, 134, 157 

radialis indiois (palmar digital), 158 
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AltTERJJ^iS -continued 
rectal thomorrhoidal) , 2bl!, 343 
intcM-ior, 315, 315 
nuddlc, 345, 3 17 
superior, 344 
renal, 61, 282, 2S7 

iioresbory (nmlt i[)](‘j , 'J?.”) St*(‘ tip; 2S0 
of retina, (.entnil, 643, tilS 
» et ro-duodtMial , 251, 270 , 

sacral, Jal('ial, 31S • 

rnedinn finiddle), 288, 315, 3U) 
saplienous, 3S1 
of seal]), 500 Sec liK 62() 
sciotal, pobtcMior, 310, 315 
sijijmoid. See “A colie, j^efl” 2f»l 
spciinatic See ^‘A lestienlo” 
spheno-]>alaline, 602 
splenic, 249 
stcriio mastoid, 602 
structure, 35 
stylo-mastoid, t)(}2 
subclavian, 666, 668 o 
left. 51S, 505 
third part, 595 
subcostal, 570 
sublingual, 743 
siit)mental75S7, 665 
subscapular, SO 
'•upeifioial, epigastiie, 206 
eireuiiine’x iliac, 206 
external pudendal, 20(» 
supiatliioderial , 251, 270 
•.supraseai)ulai , 98, 598, tUiO 
siipratioehleai , 120 
tarsal, 4 IS « 
temporal, nii<ldle, 5SS 
superfieial, ^87, 660,'6SI 
testicular, 218, 275, 2S7 
thoracic 
lateral, 86 
superior, 85 

tlivroid, inferior, GGO, bOS, 66‘) 
superior, 661 
thyroidoa iina, 653, 673 
tlblal, anterior, 117, 432 
lecurrent branch of, tl7 
variations in (data on), 132 
jioslerior, 431 
tonsillar, 665 

transverse cervical, 99, 598, 660 
facial, 588^ 
perineal, 3TO, 315 . 
scapular. See “A 'suprascapulai ” 
tympanic, anterior, 691, 772 


ulnar, 134 
caijial, 1.14 
collate! al, 120 
ictuiienl, 131 , 

unibilif.il obliterated hypogastiic), 239 
12.:} 346 
ideriiie, .^6l 
\ ^ginal, 3()1 

oi VMS (lefoieiis ^ee “V , deferent” 

\ ci lebj al . 

dev (‘lopitK ri 1 , <00 
in lU'cI- , (>11, (»()7, 660 
ill skull, 622 
vesical, infei ior,*346 
su])e!ioi, 346 • 
vi^idline, 243 

Ailciiolai' leetae of kidney (vasa lecta) 62 
Aiteiioles, 33 

Al 1 leulations, 13 See also ‘Joints” 

Asjm'cI of bones 126 
AsttMion, 670 
Atlas, (>0h 

li.msv(*is( ])! oM»ss, (> to 
\(nuin ot Ik'mm , left, 53 1, 549 
light .531,517 
<*1 ^lose 755, 70S 
\iinclf‘ oi eai, "ihO 

^leives and a/leMe< .580-581 
of li(‘M! t S(‘(* \ I r Him” 

’\\ial hiH I I I M avial” 

Vvilla 70 

\s dis (it 'st 

Axis lind« 1 , 11 
(d <'\< 1» d> n>s 

of Oi I Ml d t iv I . \ h i N 
\ « 1 1( 1)1 I 1 1 »|)la U" I , tiOi) 

V l'>\l.ll , o js 

Back, a jMm h's ol , ol I 
muscles of, .500, t>02 
rici \( ol, (>07, 609 
Band, ealeaneo tibial, 17.5 

dio libial , ^ee “Tniet, iliotibial” 
iiKisive, .578 
nioderal or , 5-51 
B.'if (Oslo liansveise, 695 
Haiber’s sign, llj 

Hasi occipital bone i^basi-occiput), 626, 787 
Beds (moulds) 
of bladder, .337 
of parotid, 682 
of nilomach, 256. See fig. 261 
.6f tonsil, 730 

Bile prfsfeagcB See “Passages, bile” 
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Bladders — 

gal^. See “Gall bladder** 
urinary, 336 

development, «au>tc on, 307 
interior of, 
lymphatics, 361) 
nerves, 63, 313, 367 
structure, 340 
vessels, 331), 343 
Blood, 31 

circulation of, 32 

distribution, nervous regulation of, 36 
supply, types of, 38 See also “Arteries** 
and “\"eiris*' 
vessels, 33 
structure, 3o 
Blow, on chin, 61)3 
on nose, 580 
Striking a, 139 

Body, Alalpighinn (corpuscle) of kidney, 
61 

(jf sf)leen, 51, 271 
p('rine.^l, 301) 
vitreous, eve, 648 
Body t\ pf‘s. iSee “Habitus, bodily’* 

Boils, 72 
Bone - 

blood vessebi, S 
borders of, 416 

development. Sec “B ossification** 

diaj)hysis, 6 

epiphysis, 6 

functions, 2 

hi.storical, S 

markings on, 4 

marrow, 7 

metaphysis, 6 

nerves, 8 

ossification, 7-10 

parts of a young, 5 

properties, 1 

structure, 2 

Bones. See under individual names, 
accessory, of hand and foot, 481) 
classification, 2 
flat, 4 

mterpnrietal, 788 
irregular, 4 
long, 3 

markings on, 4 
pnduinatic, 4 
sesamoid, 4, 17 
short, 3; 136 
of skeleton, 2 

supernumerary (accessory) , 4 
sutural (Wormian), 787 


Bow, hypochordal, 696 
B.X.A. = Basle Nomina Anatomica, 137 
Braehy cephalic, 589 
Brain, removal of, 619 
Bregma, 573 . 589, 678 
Brim, pelvic, 327 
structures crossing, 368 
Bronchial tree, 527 
Bronchiole, 520 
Bronchus, 58, 527 
eparterial, 516 
e\trapulmonary, 500 
movements of, 532 
structure of, 520 
Buds, taste, 742 
Bulb» of aorta, 541 
jugular, 670, 706, 710 
olfactory, 619 
of penis, 311 
of vcstilj«lc, 318 
Bulla cthinoidalis, 757 
Bundle, atrio-vontricular, 554 
Bursa, omental. Sec “Sac of peritoneum’* 
Bursae, synovial (mucous), 16, 25 

“of Achilles.” dee “B. of- c’alcaneum” 
articular, 25 

of biceps brachii, 117, 180 
of biceps femoris, 402 
of cajeaneurn, 428 
about knee, 471-472 

communicating with knee joint, 468-469, 
472 

of jext .•carpi radialis b’r., 164 
of gastrocnemius, 469-470 
data^n, 428, 469 
of gluteus maximus, 395 
infrapatellar, superficial, 438, 461 
on ischial tuberosity, 395 
between metacarpal heads, 197 
of obturator internals, 400 
olecranon, 127, 187 

omental. Sec “Sac of peritoneum, leaser’* 
l)atellar, 460, 461, 471-472. Sve .fig.* 431 
pectineal. See “Bursa, of psoas” 
of poplitcus, 469, 471-2 
of psoas, 297, 456 
data Dn, 456 

of quadriceps femoris, 469, 471-472 
retro-hyoid, 652 
of sartorius, 383, 415 
t)f semimembranosus, 402, 428 , 470-472 
data on, 428 
subacromial, 104, 181 
subcutaneous, 75 
of subscapularis, 180 
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Bursae — continued 
subtcndinous, 25 
of tensor palati, 735 
of triceps, 118 

on trochanter (greater) , 395 
tubular. See “sheaths, synovial'' 

C 

Caecum. Sec '‘Cecum," 2*Z5 
Calcancum, 435, 
medial aspect, 449 
posterior aspect , 427 
processes of, 441 
upper surface, 477 
Calyces of ureter, 28t^ 

Canaliculus, bile, 53 
innominatus, 628, 7iK) 
lacrimal, 581, 584 
Canals — 

adductor. See “C. subsartoriar^ 

Alcock's. See “C. pmUndal" 
alimentary, 48 
parts of, 224 
anal, 52, 343. 

carotid, 706, 794 • 

condylar, anterior (hypoglossal), 625, 787 
posterior (foramen), 626, 787 , 

cranio’pjiaryngeal, 627 
for facial nerve, 770 
femoral, 376 

gastro-intestinal , examination of, 225 
parts of, 224 

"Hunter’s.* See “C. subsartorial" 
hypoglossal. See “C., condylar, anterior" 
incisive, 799 * ' 

infra-orbital, 7^7 
inguinal, 211 

nnominatus. See “Canaliculus" 
nandibular, 681 
laso-lacrimal, 755, 798 * 

)f Nuck (processus vaginalis), 310 
lat^tine, greater, 704, 728, 798, 800 
lesser, 7(J4, 800 
>alatino-vaginal, 791 
3f Petit. • See ^‘Space, zonular’- 
>haryngeid. See palato-vaginal" 

ileuro-peritoneal, 303 
)terygoid, 705, 791 
mdendal (of Alcock), 310 ‘ 

)yloric, 226 
emioiroular, 770, 773 
.ubsartorial, 
contents of, 384 
walls of, 3£4 


Canals —continued 

vertebr&l, 12, 21 • 

Vidian. See “C. pteryg(jid" 
zygomatic, 680 • 

Can thus, 581 
Capillaries, 33 

bile. See “Canaliculi, bile" 
blcwd, 33 
lymph, 38 
absence of, 40 
Capitate bone, 811 
Capitulum of humerus, 115, 188 
Capsule, Bowman’s^ 61 
fibrous, of joint, 16 
of knee, 470 • 

of shoulder, 178 
Glisson’s, 274 
prostatic, 341 
renal, 279 

synovial, of joint, 16 
of ankle, 475 
of elbow, 188 
of liip, 456 I 
of knee, 468, 470 

lonon’s. See “Sheath of eyeball" 
of tonsil, 729, 730 
“Carpet," fascial of neck, 595 
Carpps, }36. See*’ also ' indivi(^ual bones, 
accessory bones in. 489 
homologies, 486 
Cartilage, 10 
arlicular (hyaline), 7 
arytenoid, 761 

branchial, first. See “C. Meckel’s" 
corniculate, 762 
cricoid, 760 
cuneiform, 762 
dastic, 10 
if epiglottis, 762 
epiphyseal. See “Epiphyses ’’ 
fibroc.^ft tilage, 10 
h^^aline, 10 
of larynx, 760 
Meckel’s, 802, 803 
nasal , 579 
Reichert’s, 803 
semilunar, 465, 466 
septal, 579, 752 
thyroid , 760 
Mriticea, 761 
types, 767 

Caruncle, lacrimal, 581 
Catgut, 51 
tCauda equina, 45 
Chve, trigemiifal (of Meckel), 630 
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Cavernous tissue, 38 
Cavl^, abdomino-peWic, 221 
glenoid, 178, SO’J 
mouth, 737 
nasal, 56 , 752 
blood supply of, 756 
lymph vessels of, 776 
nerves of, 756 
wall, lateral of, 754 
orbital, 636 
pericardial, 534 
peritoneal, 2(X), 223 
synovial, 10 
thoracic, 50S 
tympanic, 769 
Cecum, (CaeciKU ) , 225 
Cells. See also “Sirius” 
air, ethmoidal, 75H 
* mastoid, 772 

tubal, tympanic, 772 
excitor, 778 

connect or (intercalated), 46, 777 
of Kuppfer, 53 
(,’elom ((/O^lom), 2 12 
extra-oiribryonic , 242* 

Ccnlrnm of vertebra, *12 
(^ervix uteri, 08, 357 
Chambers of eyeball, 645 
Chewing, 666 
Chiasma, optic, 019 
Chin, 575 

(Jho.'inao, ])osterior. See “Aperture, nasal, 
posterior” 

Clionla tympani. See “Nerve, chorda tvm- 
pani” 

(Jhordac teiidirieae, 551 
Choroid, 647 
Cilia of eyelids, 5.SI 

Circulation, collateral. See “Anastomoses” 
fetal, 40 
myocardial, 543 

Cisterna (receptaculum) chyli, 304, ouo 
Clavicle, 80, 100,804 
cpiplvyses, 174, 176 
functions of, 77, 173 
Clitoris, 317 
Cloaca, 307, 320 
(yoarctation of the aorta, 565 
Cocc^A, 326, 327 
Cochlea, 773 
Coelom. See “Celom” 

Cohesion of peritoneum, 241 
Colliculus of prostatic urethra, 339 


Colon, 220 

descending, nerve supply of, 367 
pelvic, nerve supply of, 367 
sacculations (haustra) of, 264 
Coluinn, anal (rectal), 344 
renal (of liertin) , 282 
vertebral, 17 
from beliind, 600 
veins of, 611 

Columna of nasal septum, 579 
Commissure, palpebral, 681 
Conchae — 
nasal, 754, 793, 801 
sphenoidal, 792 
Condyle, of fem\^, 378 
of jaw. See “Head of faw” 
occipital, 787, 788 
“Cone, muscle, ocular,” 639 
Confluens sinuum, 618 
Conjunctiva, 581 

Conus arteriosus. See “infundibulum of right 
ventricle” • 

Conus elasticus. See “Membrane, ^5rico vocal*' 
Coracoid, 80, 97, 101,809 
Cord, of brachial plexus, 87 ' 
oblique* 192 
spermatic, 211, 216 
arteries of, 217 
coverings of, 215-216 
spinM , 44 
umbilical, 238 
vocal. See “Fold, vocal” 

Cornea, ^8, 646 

Coi])us cavernosum clitoridis, 317 
penis, ^6, 310 ^ 

spongi^um penis (urethrae 7, 66, 310 
Corpuscle, Malpighian, 61,^74 
Coughing, 60 
Cranium, 676 
contents of, 614 
Creases, skin, 145 
Crest, Trontal, 624, 786 
^liac, 390, 602 
incisor (incisive) , 798 
infra -temporal, 687 , 790 
intertrochanteric. See “C.. trochanteric” 
lacrimal, of lacrimal bone, ^2, 801 
of'maxilla, 798 
nasal, of maxilla, 798 
obturator, 392 
occipital, external, ( 
intern^, 626, 787 
pubic, 392 
of rib neck, 499 
sphenoidal, 790 
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Crest — eontuiued 
supra-maatoid, 677 
IrocUanteric, 376, 308 
urethral, 330 
Crista galli, 702 
tonniiialis, 548 
Crus of diaphragm, 301 
penis, 310 

Crypts i)f tonsil, 730 
(’nrves of vertebral column,* 10 
Cusp, aortic, 552 
( ^ linder, axis, 43 

D 

Dart os. See “Muse^'” 

Dens of axis, 606 
Dennis, 60 

Development, notes on Se(' individual names 
Diaphragm, pelvic, 330 
actions of, 331 
nerve supply, 331 
“The,” 3CU-30r 
development, note on, 303 
nerve sui)ply, 213, 303, 507 
relations of, 303 
urogenital, 3^)8 
Diaphrdgma oris, 741 
scllac, 615, 616 
Diaphysis, 6 . 

Digital formula, 145 
Digits, movements ‘of, 146 
Diploe, 4*, 614 

Disc, articular (meniscus), hi 
acroinio-clavicular, 175 
inhTior radio-Vilnar ^trianmjlji> , 102 

intervertebral (fibro-carlilagr), II, 17, IN 
intra-articular. See '“D., articular” 
of jaw joint (temporo-inandibulai > 60,3 

of knee joint (semilunar cai niagt , 465 
stcrrto-clavicular, 173i 

at symphyses (inlervm tehral, inle/ptibic, 
sterno-inanubrial), It 
optic, 638, 6-17 
Dissection, xxi, xxiii 
of eyeball, 645, (HG, 647 

door of mouth, 739 

’ . • 

of suboceijutal region, 607 
Diverticulum, allantoic, 307 
IMeickel’s, 230 
Dolichocephalic, 58!) 

Door. See ‘ 'Porta” 

Qorsum ilii, 300J91 
ischii, 390, 39?^ 

sellae, 625, 627, 789 

* • 


Ducts, Ductules and Ductus — 

aberran.4testis, 220 
allantoic, 23S 
‘alveolar, 520 
art(‘riosiis, 51!) 
closure of, 42 

bile, to display, 271. See also “Passages, 
.bile” 

cochlear, 773 

‘*f Cuvier. See “Vein, cardinal” 

<-y.stic, 247 

d( feren.s. Sec “\ as deferens” 
cjaculatorv, (i.5, 310, 343 
endolymphatic, 7/3 
of i‘j)ididymis, 218 t 
of (*p(M)pln>rr)n (Carl ner) , 3 IS, 350 
hepatic, 217 
accessory, 273 
v.ar iations, 273 
lacrimal See “D. tear” 
l\'mphat ic, right , ti71 
mesonephi 1C, 65, 307, 356 
Mullerian. Sia'.'T) pai’aiiu'sonephric” 
na.so lacrimal, 755 
pancreatic, 266, 270 . 

vj^riaiions in, 267 
para rn(‘sorK‘phric . 65, 35(i 
parrot id, (of Slen^en), V).s3 
])rostatic, 310 
sf*inicircnlar, 773 
Stensen’^' See “D. p.'u'utid” 
*-ubmandihuIar, 73!) 

orit^r'O of, 73S 
ic'ar, 5Sl 
of te^(i.s, 65 

.'Ntr'uel me of, iio 
^ elTeient ,217 
ihoraeic, 568 
in neek, 668, 671 
in thorax, 517 
vonosri.4, 233, 253 
vitelh) intestinal, 2^30 
VVoHlian See “D. mesonephric^’ 

Dulness, superficial cardiac, 525 
Duodenum, 224’ 264 
blood sut>ply of, 26!) 
development, note on, 266 
position of, 237 
relations of, 2G8 
.Structure of, 270 

K 

Ear— 

* atiricJe of, 580 
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r^ar- conUuued 
oxlejnal, 580 , 767 • 
lymph vessels, ^7b 
internal (oi labyiinth) , 772 
middle (or mpanuin) 768 
vessels and nerves 772 
Ljaculatioii, 67 
Llbow, structures aiound, US 
LI bow, tenuis, 101 
Llcvation of«the uiijki limb, iSt 
Eminence, an u ite t)10 
aiticular, 602, 70b 
frontal, 580, 7s5 ^ 

iliopubic (pcftiiuaL 501) 
iiit( If oinlylai IbS • 
panel il 5S0 670 
Jndaiteius »Soe Vilines” 

J ndof aidiiim, 35, 5.15 
1 ildocraniuin, (lebiiil i<»ii bl") 

1 ndometiiiiin (>S 358 
1 pu lulniin 5 3 
1 picomlyU of )( nnn 570 
of huinc nis 11 1 
1 pidcrnii^ y.) 

1 pidniv mis ()") 217 
aiioin dll s (»f, 220 
( 111 il of, 65 

^tiiK luic of ,()(> 21 't ^ 

Epiphyses, 6. iKo OsMluation^^ 
acromion, 101 

i|if)(aian(( and Insion times, 6 
See Tiblc 0, page 100 
it ivistu b 

calf im um see fig 131 
t irtil igiiious, 5 
(livicle, 171, 17b 
coiacoid, 101 1S2 
fcunui , 379, 42b 472 
fibula, 47b 
fotft bones, 1S7 
liip bone, 154 
humerus, 182, 101 
pressuie, 6 
ladius, 101, 103 
scapula, lOS 

thumb bones See Table 0 p lOcS 

tibia, 426, 472 

traction, 6 

ulna, 191, 193 

vertebral, 13 

Ijpistropheus See vertebra” 

Epoophoion, 359 
Equal 01 of eyeball, 63S 
Erection, 67, 368 


Esophagus, 515, 517, 520, 571 
abdominal portion, 224 
^ cervical poition of, 675 
sphincters of, 572 
btructuio of, 50 
vessels and neives, 572 
lithmoid, 792 
Lvf rsion of fejot, 479 
1 \pansion, extcnsoi (dorsal), 167 
I xpiralion See “Rcspiiation” 
L>e, ac tom modal ion of, b12 
convergence of, 512 
development, note oh» b4S 
Eyeball, b3S 

blood vessels, 6^8 
development, 6 IS 
dissection, 615 
f iseia (f iscial shoith) b40 
muse les, 638, 611 
nerves 6^2 3, 617 
1 >chds, .582 
muscles ot 583 • 


h ibclla, !• 

Face, blood supply, 587 
J>oncs, 785 
muscles of, 577 
neivo^ supply of, 581 
Falx ocrebelli 615 
cerebri, 615 

inguinalis See “Tendon, conjoint?' 
Fascia, oT abdomen, 201, 213 
of arm, 1*17 

ixillaryS 90 • 

ot back See lumbai” 
bueco phiryngeal, 579, 721 
Buck’s See “E of perns” 
bulbi See “Sheath of eyeball” 

( ampci’s Sec of abdomen” 
eeivi^l See * L of neck” 
elavi pectoral, S3 
C'olles’ See ‘T i^f perineum” 
cribriform, 374 
deep, 74 

See also individual^ names 
of Heifonvillieis, 332, 342 
dorsal Sec “F lumbar” 
of foot See “F pi intar” 
of forearm, 166 
•of glutei muscles, 3<U 
iliaca, 298 

investing (envelojmig) See “F 
lata, 373 ‘ • 


deep” 
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Fascia — epntinued 
of leg, back of, 432 
front of, 420 

lumbar (dorsal, luinbo-dorsal) 604 
masseteric, 686 
of neck (investing), 501, 650 
posterior triangle of, 591 
obturator, 320 
omohyoid, 503 
palpebral, 582 
of pectineus, 376 
of pelvis, 323 
of |:)enis, 311 
of perineum, 308 
pharyngo-hasilar, 723, 73^ 

[)lantar, 442 
popliteal, 401 
of poplitcus, 401 
postvertebral, 505 
prevertebral, 005 
prostatic, 341 
of psoas, 290 
recto- vaginal, 353 
recto-vesical, 322, 324 
renal, 279'. - 

ScaVpa’s, See ‘T. of abdomen” 
”Slbson’s,’M99, 521 
spaces. See “Spaces” 
sheatb. See “Sheath” 
spermatic, external, 207, 211 
internal, 211 » 

superficial. See “F. spermalic, external” 
superficial, 73 
temporal, 68.5 
of thigh, back of^ 401 
front of, 375 

on iil)ialis post#rior, 430 
t rails vorsalis, 211, 213 

nf urogenital diaphragm. See ‘ .Meinfaane, 
perineal” 
vesical, 337 

Fat. See also “Ti.s.sue, adipose” 
buccal pad, 570 

cxtraporiloneal (subporitoiieal), 213 
infrapatellar pad, 468 
Iierinephfic, 279 
Femur, 376 

head of, blood supply, 458 
orientation, 379 
•pldtyraeria, 379 
Fenestra cochleae, 770 
vcstibuli, 770 
Fibres, intercri^(|l, 208 
postganglionic, 778 
^pregangl ionic, 778 
FUrkinje, 556 


Fibula, 422, 425 
functidns of, 423 
head of, 465 
posterior aspect of, 426 
“Field, tiiangular,” 616, 620 
Fila, nerve, 45 
Filum tcrniinale, 44 
Fintfor-print, 145 
Fingers, movements of, 197 
Fissures. See also “Sulci” 
cerebral, lateral, 678 
“14-sha|)ed” of liver, 2.56 
of lung, .525 , 

orbital, inferior, 6.36, 637, 664 
superior, 628, 6^5, 637, 700 
j>alpebral, 581 
])etr()-tympanic, 706 
sipiamo-petrous, 706 
squamo-tympanic, 706. See fig. 783 
tympano mastoid, 703 
Fixator, 29 

Flexures of colon, 225, 229 
I'liiid, cerebro-spiiial, 41, 616 
synovial, 16 
tissue, 38 

Folda See also Plicae.' 
alar, 408 

ary epi,glottic, 75 j 5 
of Doiigl.'is. Sec “Lino, arcuate” 
fimbria1e<i, 7.38, 712 
g;\stio ])anciea(ic, 250 
glosso epiglottic, 725, 711, 700 
iiifr}^)afellar, 467, 
labio .scrotal (genital), 215, 316 
pf'i itoneal , 239 
I )liary ng« ) -opi glo 1 1 i c , 725 
.lecto ulerine, 354 
salpingo pharyngeal, 721 
synovial, 16 

vocal (cord), 761, 766, 767 
vestibfflar, 766 

Fontancllcs, 580 

Foot- 

articulated, from above, 433 
from below, 440 
door of, 449 
•from the sides, 439 
bearing points of, 441 
compared with hand, 486 
•tnuscles of the sole, 443’-448 
units of, 435 

vessels and nerves, comment on, 451 
weight distribution of, 484 

Foramina, cecum of skull, 624, 792 
of tongue, 741 

condylar, .jlosterior. See “Canal” 
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Foramina— continued 

“cqpscent of” in iR sphenoid, 628, ?90 
dental, posterior, 798 

epiploic. See ♦'Sac of peritoneum, lesser, 
mouth of” 
ethmoidal, 624 
incisive, 704 
infra-orbital, 576, 797 
intervertebral, 12 
jugular, 625, 707 
lacerum, G30 
magnum, 625, 787 
mandibular, 681, 086 
mastoid, 021i 
mental, 576, w2 
obturator, 329, 3S9, 392 
optic, 621, 626, 636, 637, 789 
in orbit, 637 
Wale, of heart, 54S 
closure of, 42 
of skull, 628, 687, 790 
palatine, greater (gieat), 727 
lessiir, 729 
parietal, 679 
in pelvis, 320 
for i>et rosal nei \ e^, teO 
roiundum, 628, 790 
sacral, 602 

sciatic, greater, 329, 350, 395. See *Torta«to 
gluteal region’^ 
lesser, 32t) 

of skull, norma frontalis, 576 
spheno-palatine, 726, 748 
stiuctures penetrating, 751 
spinoBiim, 628, 687, 790 
.st>lo-ma8toid, 794 
supra- orbital, 576 
vertebral, 11, 12, 21 
of'VesaJius, 628 

of Winslow. See “Sac, lesser, mouth of'* 
zygomatic, 577 
Force couples, 185 
Foreskin (prepuce) of penis, 31.1. 

Formufe, digital, 146 
Fgrnices, of conjunctiva, 581 
of vagina, 359 
Fossae. See also “Pquch*’ 
acetabular, 454 

artieular of jaw. See “F. mandibular” 

canine, 676, 797 

cecal, 241 

colic, 241 

condylar, 787 

corotioid, 116, 186 


F oBsae — continued 
cranial, anterior, 624 
middle, 625, 626 
posterior, 625 
digastric, 682 
duodenal, 241 
hypophyseal, 627, 789 
iliac, 328 

incisor (incisive), 576, 681, 797 
infraclavicular, (delto-pectoral) , 79 
infraspinous, 94, 808 
infratemporal (region), 686 
intersigmoid, 211 
ischio rectal, 309 
malleolar, 426 

im|ndibular (articular) , 692, 706 
olecranon, 115, 186 
ovalis, of heart, 548 
See also, “Opening, saphenous” 
pararect|il, 320 
paravesical, 320 
pelvic, 241 
peritoneal, 210, 

pituitary Sec “F. hypoph 3 /^eal” 
piriforijL, 726, 760 
popliteal, 401, 405, 410 
pterygoid, 705, 790-791 

ptery go -palatine (ptery go -maxillary), 687, 
748,798 
radial, 115 
recto -vesical, 320 
recto-cecal, 228 
retro -jK>lic, 228 
retro-omental, 241 
scaphqiJ, 705, 791 
subarcuate, 626 
sublingual, 682 , 

submandibular, 682 
subscapular, 105, 808 
supraspinous, 94, 8^8 
temporal, 678 

terminal (navicular), of urethra, 340 
•trochanteric, 378 
vermian, 787 
Frenulum clitoridis, 317 
of tongue, 738, 741 
Frontal bone, 785 

Cl 

Gall-bladder, 230 
. anomalies of, 273 
development, note on, 273 
functions of, 272 
structure of, 272 . 
surface, anatomy of, 259 
vessels and nerves of, 272 
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Ganglia, aartico renal, 303, 523 
celiac, '203 

cervical, superior, 718 
ciliary, 6-11 

coccygeal. See “(1. iinpar” 
facial (geniculate), 771 
Gasserian. See “(J. Irigeininar’ 
impar (coccygeal), 360 
otic, 692 * 

posterior root, 45, 91, 609,* 779 
scjnilunar. Sec “G. Irigcininar’ 
spheno -palatine, 750 
spinal, 91 # 

stellate, 522, 71S 
submandibular, 740 • 

subinaxillary. Sce"“G. submandibular** 
sympathetic, cervical, superior, 717 
visceral, 778 
trigeminal, 631 

'Icuitala, internal, female, 355 
^icnu, of facial nerve, 774 
4irdlc, pectoral, bones of, »04 
movements of, 176 
llabella, 574 
Elands — 

adrenal; Sec “Ci. suprarcuar 
bulbb-surethral, 66, 313 

of Gowper. See “G. bulbo-urethral** * 
“Haversian,** 17. 189, 457 
labial, 579 
lacrimal, 644 
nerve, to, 750 

Ijngual, anterior, 712’ * 

lymphatic (nudes), 3i). See also '‘Ivvni- 
phatics*’ ^ ^ 

of abdominafwall, 306 * 

axillary, 93 • , 

cervical, deep, 59S, 774 
iliac, 368 
inguinal, 368, 374 
jugulq-digastric, 77f 
jugulo-omohyoid, 77. 
pelvic, 368 
popliteal, 408 
retro -pharyngeal, 775 
submandibular (submaxillary), 775 
supraclavicular. Se^ “G. cervical deep’ * 
of testis, 219, 306 
of Littrd, 3^11 
rAammary, 92 
■ lymph supply of, 93 
of Meibomeus. ,^ee “G. tarsal** 
molar, 579 * 

of Moll, 582 , 

qfyuhn. Se^ ^'G. lingual*’ 


( Hands— continued 
“paired,*’ 243 
parathyroid, 674 

development of, 6/., 
function of, 67 1 
structure of, 67 4 
para urethral, 68, 318, 359 
j)arrtid, 49, 682 
accessory, 683 

nerve supply, 685 ^ 

prostate Sf'c “I’rostatc” 
sebaceous, 71 
sublingual, 49, 739, 

submandibular (submaxillar^O , salivary, 49 
, 664, 740 ^ 

suprarenal , 277 

vessels and nerves of, 278 
sweat, 72 
tarsal, 582 
thymus, 558 
thyroid, 649, 656, 672 
anomalies, of, 673 
development, note on, 672 
function of, 673 . 

struct lire of, 073 
vessels and nerves of»,*673 
“unpaired,” 243 
of ur'tlijja, 66 

vestibular, grealei (of Bartholin), 6S, 318 
lesser, 68 
of Zeis, 582 
( Hans elitoridis, 317 
peni8,t3ll 

(Homerulus, renal, 61 
< Hot tis, 58 
definition, 761 

Granulations, arachnoid, 615, 617 
Gravity, line of, 20 
(grooves. See also Sulcus — 
bicijntal, 84, 101 
chiasmtS-ic. See “G. optic” 
costal •(subcostal), 496 
infra-orbital, 797 
lacrimal, of maxilla, 798 
for lateral sinus, 625 
inylo-hyoi<l, 6M, 68(i 
' oprtc, 624, 627, 789 
for petrosal nerves, 630 
semimembranosus, 426 
^)iral, 103, 115 
subcostal. See “G: costal*' 

Growth. See “Development” 

Oubernaculum ovarii, 319, 355 
•tegtis, 214 

Gums, iiQrve sup’ply of, 747 
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Gut, rotation of, 2-14, 266 
See ^Intestine’' * 

Gutter. See “Foss^” 

H 

Habitus, bodily, 782 
Hairs, 71 
Hamate bone, 812 
Hamulus, lacrimal , 801 
ptoryKoid, 705, 735, 701 
Hand bones compared with foot, 48t) 
pentadactyl band, 480 
Head, “The,” from behind^7h) 
surface anatomy, 629 
of femur, 376 
of fibula, 422, 424, 405 
of humerus, 101, 177 
of jaw, 681, 602 
ol metacarpal, 142 
of metatarsal , 441 
of radius, 125, 187 
of talus, 439. 480 
of ulna,. 125, 192-193 
Heart, 531 « 

apex of, 536 
blood supply of, 511 *• 
circulation of, collateral, 5-J4 
mv^ocardial, 543 
development , note on, 544 
nerve supply of, 555 
rotation of, 546 
skeleton of, 552 
structure of, 33, 552 
surface anatomy, 537 
surface, diaphragmatic, 539 
[losterior, 539 
.•storno-costal, 535 
Hclicotrema, 773 

Hemorrhoids (haemorrhoids). See “Piles” 
Hernirf; diaphragmatic, 302 
femoral, 376, 410 
inguinal, 110 
obturator, 410 
Hiatus, semilunaris, 756 
in Adductor Magnus, 385 
Hip bone, 389 
functions of, 393 
Hormones, 43 
Humerus, 101 
head of, 101, 177 
lower end of, 115, 186 
lower half of body, 115 
orientation of, 183 
upper end of, 101 
upper half of body, 116 


Humor, aqueous, 645 
Hymen, 318 

Hyoid bone, 650, 652, 731 , 803 
development of, 803 
variations, 803 
Hypoj>hy8is cerebri, 620 


Ileuiii, • 

Ilium, 333, 390 
auricular surface, 333 
tuberosity, 333 • 

Incisura, tentorii, 616 
Incus, 770 ^ 

Infundibulum of right ventticle, 551 
of uterine tube, 357 

Inion. See “Protuberance, external occipital” 
Inlet, pelvic. See “Brim,” 327 
In nominate j3one. See “Hipbone” 
Inspiration. See “Respiration” 

Instruments, x\i 
Insulin, 54 
Interparietal bone, 1 
Intestines, 224, 226 
features 8f, 227-228 
functions of, 51 
iierve supply of, 52, 293 
, rotation of. See “Rotation of gutP 
structtirc of, 51, 263 
Inversion of foot, 479 
Ischium, 389, 391 
Islets of I^ngerlians, 54 • 

Isthmlis, oro-pharyngeal, (of fauces), 732, 738 
of thyroid Inland, 652, 672 


Jaw. See 

• Jejunum, 227 
JOINTS— • 

hinge^ (ginglymus), general features, 186 
movements, xviii 
Vrength of, 180 
synovial, 15, 16, 17 

types (varieties, classification) of, 13, 17 
of axial skeleton — 
of atjas, 701 
of costo-sternal, 497 
cost o -transverse, 498 • 
costo-vcrtebral, 497 
,cri CO -arytenoid, 761 
crico thyroid, 761 
interchondralj 498 
. -intervertebral, 13 • 
lumbo-aacral, 331 
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JOINTS 

of axial skeleton — continued 
mandibular I 692 
nerve supply, 694 

metacarpo-phalanKcal, of thumb, 13S 
of ossicles of ear, 770 
of ribs and Hternurn, 49.5, 497 
aacro-coccvgeal, 333 
sacro-iliar, 333, 335 
development, 335 
' facets, accessory articular, 330 
variations, 335 , 

sterno-clavlV’ular, 173 
slerno-manubrial, 49 1 
83 mostosis of, ,495 * 

temporo-mandibular Sec “J. mandibu- 
lar” 

vertebral, 13 

xiphisternal (junction), 494, 495 
of lower limb- - 
ankle, 477 ^ 

nervn supply of, 470 
calcaneo cuboid, 481 
of foot, 477 
. end-to-end, 482 
. siclc-tosside, 482 

* hip, 454 

movements, 458 
nerve supply of, 410, 458 
relations, 458 
synovial membrane of, 156 
knee, 460 

* nerve supply of, 419, 471 
relations, 470 
synoviaUcapdiilc of, 468 

intermcta tarsal, 482, 484 
interphalangeal, 481* 
intertarsal, 482 
me tatarso -phalangeal, 481 
patellar, 461 
talo-calcaneal, 477 
talo-navicular, 480 
tarsal, transverse, 434, 441, 178 
tarso -metatarsal, 482 
tibio-femoral, 463 

tibio-fibular, 424 , i 

functions of, 425 
transverse tarsal, 434, 441, 478 

* .of upper limb — 

acromio-olavicular, 100, 175 
function of, 175 
nerve 8vi|i|blyf 176 
oarpo-metacarpa],198, 199 

< . of thuiAb, 146 


of upper limb — continued 
plbow? 186 * 

nerve supply of, 191 
iiitercarpal, 140, 197 
intermetaearpal, 197 
interphalangeal, 143, 197 
nerve supply of, 197 
jfietacarpo-phalangeal, 142-143, 197 
nerve supply of, 197 
ladio-earpal. See “J. wrist*** 
ratlio ulnar, 
proximal, 188, 191 
distal, 192 • 

shoulder, 177 

• nerve supply eff, 184 
sternoclavicular, 173 

function, 174 
nerve supply of, 174 
transverse carpal (midcarpal), 139 
wrist , 193 

nerve .supply of, 197 
Jugum sphcMioidale, 624, 789 
Junction, corneo-Sclerotic, 638, 646 
diiodcno jejunal, 224 • 

Mpln ‘eternal, 494 

• £ 

“Kej positions,” a\illa (peotoridis minor) , 79 
digastric, 657 
elbow, fig. 101 

gluteal region (piriformis), 396 
heart, stcrno-costal surface, 635 
ftupi^ascapular region, 97 
wrist, 132 
Kidney, 27S 
anomalies of, 283 
, blood supply of, 61, 282 
function of, 61 
migrations of, 275 
nerves of, 63, 282 
relations of, 279 
structure of, 61, 281 
unit (nephron), 61 
vessels of, 61, 282 
Knives, 'xxi 

L 

Labia majora, 317 
minora, 317 
tabra, 17 
acetabular, 454 
glenoidal, 178 
Labyrinth, bony, 772 
.ethmoidal, 792 
* membranous, 773 
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Ijacertus fibrosus. See ** Aponeurosis , bioipi- 
, tal” 

Lacrimal bone, 804 ■ 

Lacteals, 61, 304" 
liacunae laterales, 617 
urethrales, 341 
Iacus lacrimalis, 581 
Umbda, 689, 600, 676, 679 
Laminae. See also ‘Tlates** 
spiral, 77^ 
pterygoid, 705, 700 

Landmarks. Sop “Surface anatomy’* 

Larynx, 57, 700 
lymph vessels, 776 
mucosa of, 766 
muscle aclions of, 764 
nerves and blood vessels, 765, 766 
vestibule of, 760 
LAns, accommodation of, 648 
Ligaments, “aefive,” 180 
alar, 702 

of ankle, laloral, 175 
medial (deltoid), 474 
annular, 

atlanto-axial, 702 
a[)ici8 dent is, 702 *• 

arcuate, “cricothyroid”, 
of diaphn^m, lateral, 297, 301 ' 
medial, 301 
median, 301 

of pubis. See “L. pubic, inforio. 
arteriosum, 519, 537 
aryepiglot tic, 762 
of atlas, 701 
bifurcate, 4S0 

broad, of uterus, 68, 354, 356 
calcaneo-fibular, 422, 475, 478 
cal caneo -navicular, 480 
calcanpo-tibial, 475, 478 
carTlinal, 361 

carpal, transverse, 132, 146 
check. See “L. alar** 
collateral, 
of knee, 463 

of metacarpO'phalangcal joint, 142 
tibial. See “L. medial of knee’* 
conoid, 174 

of Cooper. See “L. pectineal” 
of breast, 92 
coraco-acromial, 182 
coraco-clavicular, 100, 174 
function of, 175 
coraco-humeral, 178 

coronary, of knee, 465, 469 , * 

of liver, 233 


Ligaments — continued 
co8to>clavicular, 174 
costo-trans verse, 499 
crico-thyroid, 652, 761 
cruciatb, of knee, 466, 467, 468 
crural. See “Retinaculum, extensor of 
ankle** 

deltoid, of ankle, 474 
denticulatum, 44b 
definition, 16 

dorsal carpal. See “Retinaculum, extensor 
of wrist” 
of elbow, 18tS 
falciform, 232, 245 
flaviim, 15 • 

of •foot, fore part, 483 
gastro -splenic. See “Omentum” 
gleno-humeral, 179 
of head of femur, 457 
hepato-ifjnal, 234. See “L. coronary” 
of Humphry, 466 # 
hyo-cpiglottic, 762 
ilio-femoral , 455 
ilio lumbar, 297, 331, 334 • 
infiapubic. See “L. pubic, inferior**' 
infuiidibulo-pelvic, 351, 355 
^ inguinal (of Poiipartd, 207 
intercarpal, 140 
intcpclavicular, 174 
interosseous, talo -calcaneal, 478 
tibio fibular, 424 
interspinous, 15 
inlcrtransverse, 15 

intra-articular. See “Disc, articular*' 
of ribjiead, 497 
ischio-femoral, 456 
of knee, lateral, 42^, 465, 466 
medial, 415, 464, 467 
oblique posterior, 470 
laciniate. See “Retinacula, flexor of ankle 
lacunar. See “L. inguinal” 

“Ueno-aortic,” 246 
Tie no renal, 232, 245-246 
longitudinal, 14, 702 
lumbo sacral, lateral, 332 
'metatarsal, deep trarjsverse, ... 
mucosum. See “Fold, infrapatellar” 
of neck of rib, 499 
nuchae, 601, 702 

ovario-aterine. See “L. of ovary” 

of ovary, 354 

palmar, 143 

palpebral, 583 

patellae, 387, 461 

pectinate, of iris, 646 
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Li^anicnj^s —continued 
pectinenl, 32S 
peritoneal, 223 
phrenico-colie ,^20 
piso-hamate, 147, 11 >5 
piso-metacarpMl, 117, IDo 
plantar, arressory, lUl, H<S 

ralcaiioc) nnvjciilar Tspiijig), ISO 
Inufr, 4M 
.short , ISl 

roiiparf’.s See “L. inguinal” 
pterygo-niaiidihular, 57S 
pubic, infefio[^('arcuaU*), 333 
l)iibo- femoral, 455 

pubo-prostali(*. See “L pubo vesical” 
pubo- vesical, 321, 325 
pulmonary (pulmonale ^ "jOO, 510 
radiate, 497 
radio-carpal, 195 

rhomboid Sec* ”L. co.sto-cIa\ icihar” 
round. S(*e ‘L. Teres”, 
sacro-iliac, 331 
anterior, 335 

lateral. Sec ‘‘L. lumbo sacral” 
posterior, 334 ^ 

sacro-spinoids, 335 
‘ sac ro'- tuberous, 33 1 
spheno-mandibular, 091 
spring, 430, 4S0 
stylo hyoid, 731 , S03 
stylo-mandibular, 003, ()S3, t)91 
subput)ie. Sec* ‘‘L. ()ubie, infenoi” 
'supnuscapular (superior transvc*rse 97. 
supraspinous, 15 
suspensory, i/ U^is, filO 

of ovary. Sc*e ”L. infundd)ijlo pc*(\ u ’ 
of penis, 201, Si 1 
talc)-ealcanean, 47S 
talo-tibular, 475 
ternp6ro-mandibuIar, 093 

teres, ’of feunur. Sec* ‘li (»!’ hejnl of, lemiir” 
of liver 232 

of uterus (round), 317. 354 
Ihyro-arytcnoicl. See ‘‘L. vocal” 
thyro-epiglot tie. 762 
(h\Tc»- hyoid, 761 ^ 

tibio fibular, inferior, 42 1 
transverse, 421 

• tranyserse, of acetabulum,. 154 
of atlas, 701 

earpal. See “Hclinaculum, flexor of ^vri^^1 ” 
deep, of f^^|*447 
deep, of pSm, 143 
humeral, J80 
trapezoid, 175 


Ligaments^— continued 
triangular, of liver, 233 * , 

of perineum. See “Mcrjnbrane, perineal’ 
of tubercle of rib, 4!)9 • 

utero sac't al, 351, 361 
veiio.sum, 233 
\estibular, 702 
voefd, 761-762 

volar accessory. Sen* palmar” 
carpal. See ”L jjalmar” * 

<>t VVrisberg, ItUi 

”9'”. Sec “L. ilio femoral” 

Lineae and Lines, ^ee aL*<() “Hidges” 
alba, 202 
a rev ate*, 203 

of obturator ^ascia, 330 
a.spc*ra, 37S, 3tS6 
axial, of foot, 147 

of hand, wiii, 116, 169 ' 

cpic'ondviar. See ”L supraeondylar” 
epiphv's{*al S«‘c* “h 4 )hi]>hys(‘s” 
gluti'a], 391 
of gravity, IS, P55 
iho pc‘(*tineai, 32S , 

intereond\ l.'ir. 37S. 401 

intet nc'i voii*'* (boundary), 128, 131, 16’2, 3Sl 
3S7 

mt#v(it> ‘hantcM'ic Sc'e “Ij. trochanteric” 
iiaiigc'r’'^, 70 

medi.'ui ' mul. . ol bod\ . w 

ine<li-ui, of neck , 052 

imdlatefal fmida\illai> ),5I() 

milk: 93 

ni\ loh\ oid , 0S2 

nuchal , 

infi'i ioi , 7S7 
suj)c*i ior, 591 , 600, 787 
“oblic|uc*,” of ba.'>e of skull, 705 
ohlifjue, of jaw, 576, 682 
of radius, 127 
of thyroid cartilage, 761 
pectrneal, (pecteii puhis), 328, 392 
cjf safety. Sec “L. hiternervous”, or, 
“Ncrye, safe sides” 

.scapular, 94 

soJeal toblicjue), 427, 429 
.s)nral, 37S 

supracondylar, of femur, 378, 395 
- of humerus, 115 
'' temporal, 575, 677, 679, 785 
tran.sversc, anterior, 703 
posterior, 703 
trapezoid, 175 

■trochanteric, (intertrochanteric), 376 
Limbj.rppcr, elevation of, 184 
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Lingula of lung, 525 
• of mandible, 681 
of spTienoid, 792 
Lips of mouth, 571 lV‘^8 
Liver, .53, 2,30 
blood flow througli, .53 
development of, 267, .301 
duels of. See “Ducts, liopalic and bile*i 
functions of, 53 
inferior sur<|icc, 256-257 
lobule of, 53 

pcritoncjil attaehjneiits, 232 
posterior surface of, 25"* 
slrucdure of, 53, 273 
tuber omenlale, 2.57 
Lobe, of liver, caudate, 2.56 
(piadr.alc, 256 
of lung, ,525 
•of azygos vein , .526 
infracardiac, .526 
of thyroid, pyramidal, 6.52, 672 
1 obule; of liver, .53 
of lung, ^.530 
T^unate bone, ^810 
Lung, 58, 528 . 

broncho pulnumarv segment, 527 
fissures of, .52,5 
lingula of, 525^ 
lobes of, 525 
lobule of, 530 
lyinpliaties of, 531 
movements of, 532 
iK'rvcs of, .59 , 532 
notch, cardiac, of, 511 
removal of, .513 
root of. 513, 516 
structure of, 525 
variat ions in, 525 
vessels, 530 
Lymph, 38 
Lymphatics, 38 

See also “Duel, Trunk” and “(llaml” . 

investigation of, .39 
of abdomen, 304-306 

aggregated lymph follicles. Sec “Nodules, 
lymph” 

of intestine, 305 
of liver, 306 
of pelvis, 368 
l)elv.ic, 368-370 
of stomach, 255, 305 
of axilla, 92 
of head and neck, 774 
parotid, 685 


Lymphatics 

of head and neck—contin ued 
of posterior triangle of neck, 598 
of tongue, 744 

of lower IJmb, inguinal, 368, 374 
popliteal, 374, 408 
of upper limb, axillary, 92 
mammary gland, 93 
“mid-brachiaJ,” 124 
su])ratrochJear, 5^'4 
of testis, 210 
trachco-brojichial, .562 

M 

Macula lutea, 638 * 

‘ ‘M:ig« jst rasse ’ ’ , 254 
Malleus, 770 
Mamma, 02 
accessory, 93 
Man, .Java, -#67 
Mandible, 680, 802 ^ 

Manubrium sterni, 493 
Margin, orbital, 6.35 
Marrow ot bones, 7, 500 
Mass, lutcrel, atlas, 696 
of sacrum, 327 
Mastication, 48 
Mastoid bone, 794 
iUatcr, aa achnoid, 14 
<lura, 14, 615 
nerve supply of, 749 
of spinal cord, 41 
pia,#44 * 

Maxilla, 794-;95 
zygoma! prcK'CSS of, 575 • • 

Meatus, auditory, external, 767 
internal, 625 • » * 

of nose, 7.52, 754 
• Media, refractive, 648 
Mediastinum of thorax, ♦511 
anterior, 512 
. inferior, 512, 558 
middle, 512 
posterior, 512, 567 
superior, 512, 557 
^lediastlnum testis, 217 , 

Membranes, costo-coracoid, 83 
crico-tracheal, 761 
crico- vocal, 761, -762, 766 
flaccida, 770 
hyaloid, 647 

interosseous, of forearm, 78, 192 
K)f leg, 424 

• mucous, of larynx, 76B ■ 
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Membraues — continued 
obtiilrator, 389 
perineal, 308 

periodontal (peridental), 715 
pleuro-peritoneal, 304 
quadrangular, 762 
synovial, 16, 456 
definition of, 16 
teetorial, 702 
thyro hyoid, 652, 761 
^tympanic, 770, 772 

Meninges, 44, 614. See also “Mater” 
nerves of, 02;^ 

Menisei. Sec “Disc, articular” 

Mesentery, 223 n 

of appendix. See ‘*Meso-appendix” 

‘‘of bile duct”, 245 
primitive, 228, 243, ‘245 
root of, ‘226 

“of umbilical vein” ffalciform lif^ament), 245 
vessels of, 227 
windows in, 227 ' 

Meso jipj>endix, 229 
Mesocardiurn, dorsal, 545 
Mesocolon, pelvic, 230 
transverse, 229 
Mesoduoden'um, 245 
Meso-csophagiis, 513, 520, 572 
Mesogastrlum, 245 
Mesotendon,' 154 
Mesovarium, 354 . 

Metaciirpus, 141-112 
. bases of, 137 
Meta])hysis, 6 
Metatarsal bones, 431, 136 
bases of, 4Z1 
mobility of, 48.1 , 

Micturition, 63 
reflex mechanism of, 63 
Modiolus, 773 
Mons p.ubis (veneris), 317 
Mould, parotid, 682 
Mouth, 48,.737 
floor of, 738 
nerve supply, 738 

Movements. See “Respiration” and “Joints” 
Muco -periosteum, 727 • . « 

Muscle — 
action, 28 
antagonists, 20 

architecture (internal structure), 26 
attachments (origin, insertion), xviii, 24' 
blood vessels,^ 
contraction, Sfr 
• pouples, Fffrce, 185 


Muscle — continued 
fixator^, 29 
insertion, xviii, 25 
investigation of, 28 
lists of, 

of lower limb, 452 
of upper limb, 171 
in€)oring, 77 
motor unit, 28 
nerves, 30 
nomenclature, 30 
origin, xviii 
parts, 24 ^ 

prime movers (agonists), 29 
structure, 23 ♦ 

supernumerary (accessory), 31 
synergists, 29 
synovial sheath, 26 

tone, 28 , 

variations, 31 
voluntary (skeletal), 23 
MUSCLES- 

abdominal, fuixctions of, 209 See also indi- 
vidual muscles. 

abductor digit i minimi, of hand, 149 
c^f foot , 
insertion, 146 

< neyve supply, see fig. 46*^ 
origin, 443 
hallucis, 
insertion, 116 
nerve supply, 449 
r origin, 443 

“metatarsi quint i,” 142 
pollicis brevis, 
attachments, 147 
nerve supply, 151 
longus, 
insertion, 165 

nerve supply, 16^3, 171, sec also fig 157 
ofigin, see fig. 148 
adductor hallucis, 

attachments, 445, 446 
nerve i^upply, 449 
pollicis, 149 
nerve supply, 150 
” of thigh, brevis, 
insert ion „409 
nerve supply, 410 
origin, 408 . * 

longus, 
insertion, 409 
nerve supply, 410 
• origin, 884, 408 
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MUSCLES 

adductor hallucis—Aiontinued 
magnus, 
insertion, 40 % 
nerve supply, 410 
origin, 408 
anconeus, 
attachments, 104 
nerve supply, 123, 164 
arrectores pilorum, 71 
articularis genu, 389 
aryepiglotticus, 764 
arytenoideus, 764 
auriculares, 580 
axillary arch, 93 
of the back, 599, 602 
deep (intrinsic), 604 
action, 608 
• nerve supply, 559 
biceps brachii, 

actions, 118, 189 
attachments, 117, 179 
nerYC supply, 121 
femoris, , 

origin, long head, 403 
short head, 403* 
insertion, 402 
nerve supply, 404 
brachialis, 

action, see Table 6, p. 190 
attachments, 118 
nerve supply, 121 
bracho -radial is, 
action, 189 
attachments, 163 
nerve supply, 123, 163 
buccinator, 578 

bulbo-cavernosus. See “bulbo-spongiosus" 
bulbo-spongiosus, 312 
caniiius. See levator anguli oris" 
chondro-glossus, 743 
ciliary, 646, 647 
nerve supply, 642 
coccygeus, 330 
nerve, supply, 350 
compressor naris, 580 
"cone of, ocular", 639 
constrictors of pharynx, 664, 664, 721, 733 
nerve supply, see fig. 714, p. 716 
upper border of superior constrictor, 734 
coradO'brachialis , 
attachments, 117 
nerve supply, 121 
corrugator supercilii, 584 
cremaster, 209, 211, 216 


crico-arytenoideus, lateralis, 763 
posterior, 764 
crico-pharyngeus, 722 
crico-thyroid, 660, 722, 761 
nerve supply, 660, 715, 766 
dartos, 213, 215 
deltoid, 102 
nerve supply, 103 
structure, 104? 
depressor anguli oris, 578 
(quadratus) labii inf., 578 
diaphragm. See "Di^hragm" 
digastric, 657, 665 
nerve supply, anterior belly, 664 
posterior bell?^, 657 
dilatator pupillae, 643 
nerve supply, 643, 648 
of ear. See "M. auriculares" 
epicranius, 577 

erector spkiae. See "M. sacrospinalis" 
eztensores of wrist and hand 
common origin, 163 
ztensores carpi, 
radiales, 
inser^on, 164 
nerve supply, 123, 163 
ulnaris, 
insertion, 164 
neyve supply, 135 
digit i minimi (V) of hand, 
insertion, 167 
nerve supply, see fig. 157 
prigi^, 164 

digitoruip (communis), 
insertion, 167 

nerve supply, 170, see also fig. 157 
origin, 164 
brevis, 

attachments, 420 
nerve supply, 449 
longus, 

attachments, 420 
nerve supply, 419 
hallucis longus, 
attochments, 420 

ndrve supply, 419.. See also fig. 463 
indicis, 

origin. See fig. 148 
insertion, 165 
nerve supply, 170 
pollicis, 
origin, 165 * 
insertion, 165 

nerve supply, 163. See also'fig. 157 
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MU SCLDS — con t i n ued 
of eyeball , 638 
nctioiiH of, 6*11 
cone of, ocular, 639 
of face, 677 
flexor accessorius, 
origin, 149 
insertion, 444 

nerve supply. See ‘‘Nc^rve laleral plan- 
lar”, 448 
carpi radialis, 
origin, 132 
insert irjn, 195 
nerve supply', 136 
ulnaris, 
origin, 132 
insertion, 147, 195 
nerve supply, 135 
digiti minimi {V. brevis), of foot, 
insertion, 140 
nerve supply, see fig. 463 
or.igin, 445 
of hand, 149 
digitorum brevis, 443 
nerve Supply, 449 
longus^ 

• origin, 430 
insertion, 444 

rft*rvc sup[)ly, 131. See also tjg 463 
profundus, 
origin, 128 
. insertion, 153 
nerve supply, 129 
subliniis, 
origin j 13F 
insertion, 153 
nerve sifljply, 131 
liallueis brevis, 

attachments, 445 
nerve supply, 449 
longus, 
origin, 431 
insertion, 430, 444 

nerve supply, 431. See also fig 103 
pollicis brcVis, 147-148 
longus, , 

insertion, 155 ' • * 

nerve supply, 136 
, origin, 128 
■frontalis, 584, 580 
gastrocnemiu.s, 
origin, 428 

insertion. “Tendon of Acliill(*s“. 428 

nerve supply, 406. 

• gjemelli, 399* 


genio-glossus, attachments, 717, 742 
gonio-hyoid, 654, 743 
insertion, 665 
'nerve supply, G66, 717 
gluteus maximus, 394 
nerve supply, 397 
modi us, 399 
♦ insertion, 398 

nerve supi>ly, 398-399 
origin, 391 
minimus, 399 
insertion, 398 
nerve supply, 398-399 
origin, 391 
gi>(‘ilis, • 

origin, 384, 408 
insertion, 384, 109, 415 
nerve supply, 410 
hamstring, 402 

“hybrid” or composite, 104, 410 
hyo-glossus, 664 
nerve supidy, 717, 742 
hypothenar, 148 
nerve supply, 149 
iliacus, 296 
nerve supply, 3(X), 3*(‘v8 
ilio-coceygeus, 330 
ili< -cosito-corvicalis, 61)5 , 

, “immigrant,” of sofi palate. 733 
iufrahyoul, 653 
actions, 693 
nerve supply, 693 
infraspinatus, 
origin, 106 
insertion, 102, l.SO 
nerve* supjdy, 98 
* intercostal, 504 
nerve supply, 508 
interossei, of foot, 416 
ri^*rve supply, 449 
of hand, 169 
actions of, 168-109 
nerve supply, 170 
inlcr.spinales, 606 

intertraijsverse (intort ransversairii); 298, GOG 
^ nerve supply, 299 
ischio-cavernosus, 312 
isohio-coccygeus, 330 

• of larynx, e.xtrinsic. Sec “M. crico thyroid” 
intrinsic, 763 
nerve supply, 765 
latissimus dorsi, 
action, 96 
origin, 95* 
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MUSCLES 

latissiniuts dorsi— Vontinuod 
insertion, 83 ^ 
nerve suppIy^SO 
levator anguli oris, 57S 
ani, 323, 330 
nerve supply, 3.50 
costae, 006 
nerve supply, SOS 
labii sufjerioris, .57S 
lahii super nlaccpie nasi, 578 
palali, 735 

nerve su])ply, 733, 73j^) 
palpcbrno superioris, SSilL 039 
nerve supply, 035, M2 
scapulae, 

origin, 98, 593, 098 
insertion, 98, ,591 
nerve supply, 597 
longissinuis, 005 
longus capitis, 098 
cervicis ('colli), 69<S 
of low^r limb, list of, *152 
lumbricMlc^s, of foot, 
.atlacbnients, 114 • 
nerve su]jph', 1-79 
of hand, 

notions 10S~1()9 
origin, L>1 
insertion, 168 
nerve supply, 154, 170 
masse ter, 086 

nerve supply, 577, 080 
mcntalis, 578 
“mooring upper limb,” 77 
of Muller, 045 
nerve suppl}^ 740 
multifidus, 
attachments, GOO 
nerve supply, 599 
mylo hyoid, 603, 740-741 
nerve supply, 664 
“native,” of back, 599 
nerve supply, 599 
of soft> palate, 733 
ojbllquus abdominis extern us, 200 
function, 209 
nerve supply, 205, 508, 
internus, 208 
function, 209 
nerve supply, 205, 508 
capitis, 

attachments, 607 
nerve supply, 607 


obliquus abdominis externus— continued 
of eyeball, 640 
nerve supply, 641, 642 
obturator externus, 
insertion, 409 
nerve supply, 410 
origin, 408 
internus, 400 
nerve sup^dy, 351 
origin, 329, 4fl0 
occipitalis, 589 
omo hyoid, 592, 653 
nerve supply, 65.? 
opponens pollicis, 147-1 18 
digit! V, 149 
orl^icularis oculi, 583 

nerve supply. See Motor Supply p. 586 
oris, 577 

palato glossus, 732, 743 
palato plwiryngeus, 733 
palmaris brevis, 350 
longus, 
origin, 132 
insertion, 1.52 
ner^ supply, 130 
palpebral, inferior, 635, 639 
superior, 635, 640 
• nerve supply, 780 
papiUary, 551 

pars lacrimalis. See “M orbicularis oquli** 

poctinali, ,548 

pectineus, 

actios. See Table 17*, p. 459 
origin, 384 , 408 
insertion, 408 
nerve supply, 3SS, 410 
pectoral is major, • 

action, 81, 82 
attachments, 81, 82 
nerve supply, 8^ 80 
min^r, 79 
action, 176 

* nerve supply, 89 

perineal, deep transverse. See, “Di.aphr.agrn, • 
urogenitaf” 
superficial, 312 , 

peroneus brevis, 

attachments, 422 
nerve supply, 419 
longus, 

• origin, 422 
insertion, 447, 483 . 
nerve supply, 419* 

tertijus, 420 
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M USCLlC8--contiuuecl 
pirifirmis, 396 
origin, 329 
insertion, 392 
nerve supply, 350 
plantaris, 
attachments, 428 
nerve supplv, 406 
plat3"snia, 80, 650 
nerve supply, 677 
popliteus, 
attachmonls, 429 
nerve supjjy, 406 
p revert ebral, 698 
procerus, 584 
pronator “pollicis”, US 
quadrat us, 

attachments, 127, 12s 
nerve supply, 121) 
teres, 

attachments, 132, 133 
nerye supply, 136 
psoas major, 296 

nerve supply, 299, 388 
Tninor,297' , 

pterygoid, latornal (e.\ternal). OSS 
• nerve supply, 689 
medial (internal), GS8 
‘nctve supply, 689 
pubo-coccygeus, 330 
pyrainidalis, 204 
nerve supply, 204 
■ quadratus femoris) 399 

nerve supply, 351, 399 
labii infefionis. See “M (iep{/*,''Sor labii 
inf.” 

superiori#, 578 » 

plantae. See “M. flexor 
lumborum,*297 
•nerve supply, 299. 
quadriceps femoris, 386. 160 
nerve supply, 351 

/ec to -urethral (uro-rectal), 316, 315 • 

rectus abdominis, 202 
nerve supply, 205, 508 
capitis anterior, 698 
lateralis, 698 
posterior, 607, 608 
, nerve supply, 609 
‘'cervicis,” 654 
femoris, 387 
nerve iB^pply, 388 
oculi, 

nerve supply, .Oil, 642 


rhomboids, 
attac\iments, 98 
nerve supply, 99, 597 
rotatores, 606 * 

sacro-spinalis, 
attachments, 604-605 
nerve supply, 590 
‘ Wety,” of larynx, 761 
of tongue, 742 
salpingo-pharyngous, 733 
sartorius, 
insertion, 115 
nerve supply, :^S4. 388 
origin. 383 

scalenus anterior^ '194, 69S 
modi us, 591, 698 
posterior, 698 

semimembranosus, 402, 130 
nerve suppl3^ 402, 404 
scmispinalis, 

attachme n ts , 606 
nerve supply, 599 
semilendinosiu, 
insertion, 402, 115 
nerve supply, 402. 101 
erigin,402 
serraius anterior, 

I aq,tioii, 84 

attachments, 99 
function of 100 
nerve supply, SI, 90, 597 
posterior, fit)! 
f-nerve supplv, 508 

‘tohut off ” See ”M. sphincter urethr.'io” 
sole us, 
origin, 429 

insertion. See “Tendon of Achilles”, 428 
nerve supply, 406, 431 
sphincter ani externus, 309 
nerve supply, 310 
ftitemus, see fig. 313 
nerve supply. See “N. pelvic splanch- 
nic”, 367 
of Boyden, 272 
cloacae, 307 

nerve supply, see fig. 306 
of oesophagus, 572 
ileo-colic, 52 
of Oddi, 272 
pupillae, 643 

nerve suppljr, 043, 718, 780 
pyloric, 50, 253 
urethrae, 308, 340 
nerve supply, 63, 64 
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MUSCLES ^ ^ • 

sphincter ani extern us — continued 
vaginae, 318 ^ 
vesicae, 341 * ‘ 
nerve supply, 63, 64 
spinalis, 606 
splenius, 
attachments, 604 
nerve supply, 590 
stapedius, /60, 771 
nerve supply, 771 
sternalis, 93 

sternO'Oleido-inosf Old. “M. sternomas- 
toid” 

sterno-hyoid, 653, 716 
nerve supply, 659 
stcrno-mastoid, 81, 591, 716 
sterno-thyroid, 654 
* nerve supply, 653 
“strap.” See “M. infrahyoid” 
stylo-glossus, 731 
nerve supply, 717 
atylo-liy’oid, 657 
stylO'pliiirrngeuH, 733 
subolavius, 173 
function of, 85 
nerve to, 598 
slieat h of, 83 
subcostalis, 501 
nerve supply, 508 
subsrapulaiis, 
origin, 105 
insertion, S3 
nerve supply, 89 
supinator, 
origin, 163 
insertion, 1*27, 163 
nerve supply, 122 
supraspinatus, 
origin, 106 
insertion, 102, 180 
nerve supply, 98, 104 
tem])orali8, 686 
nerve supply, 689 
tensor fasciae latae (femoris), 

’ origin, 399 
insertion, 399 
nerve supply, 398 
palati, 735 
nerve supply, 689 
t^rsi . See ‘ ‘M. orbicularis^oculi” 
tympani, 771 

nerve supply, 689 * 


teres major, 
origin, 106 
insertion, 83 
nerve supply, 89 
minor, 
origin, 106 
insertion, 102 
nerve supply, 106 
thenar, 147 » 

nerve supply, 148 
of thumb, “outcropping,” 165 
thyro-arytenoid, 763* 
thyro-epiglotticus, 764 
thyro-hyoid, 654 
nerve supply, feo, 717 • 
tibialis anterior, 
insertion, 420,448 
origin, 420 
nerve supply, 419 
posterior, 

origin , 430. Sae fig. 463 
insertion, 147, 483 
nerve supply, 431 
of tongue, 742 

transverSus abdominis, 208, 297 
aponeurosis of, 297 
function, 209 
nerve supply, 205, 608 

permei profundus. See “Dialphragm, uro- 
genital” 
superficial is, 312 
thorasis, 504 
nerve supply, 508 
trapeziu?^ 96 
function, 97 
nerve supply, 97,p716 

triangularis. Sec “M. depressor anguli oris** 
triceps, 

brachii, » 

attadimcnts, 118 
. ^ function, 118, 190 
nerve supply, 90, 118 
surae, 428 
trigonal, 338 

of upi^r Jimb, list of, 1^1 
uro-reetalis. See .“M. recto-urethral” 
vasti, 388 
nerve supply, 388 
vocalis, 764 
sygomaticus, 578 
Myocardium, 33, 553 
. circulation in. 543 > 




INDEX 


837 


N orvos — con tinued 

hpn^)rrKoi(Jal, inferior, 314 
liyi^Mjglossal (XH^, 621, 658, 70S, 717, 740 
distri])ution <Jf, 717 
to iliacus, 300, 388 
ilio-hypogastric, 204 , 3C0 
ilio-inguinal, 204, 3(K), 375 
infra-orbital, 585, 750 
infra-trochlear, 581, 042 
intercostal p5()6, 508 
inlercosto-brachial, 01, 110 
intermedins, (sec “X. facial, sensory root”) 
621,774 . 

inteross<*oiis, anterior, 12‘J 
posterior, 122, 170 
labial, 317 
lacrimal , 58 1 , 642 
laryngeal, external, 666, /oo 
• internal, 660, 726, 766 
recurrent , 
developinenl, 715 
of left, 557 

in lice k, 673, 720, 765 • 

in ]ihMKyti\, 726 
ill thorax, left, 517,s5l8 
rij^ht , 522 • 

variations in see 0^. 083 
sujicrior, G*'i)-060, "/iS, 7(16 
to latissimus dorsi, 80 
to levator scapulae, 597 
lingual, 600, 710 

of lower limb, motor distribution, 453 
lumbar, 200 * 

first, 201, 2(35 

lumbo-inguinal. See ‘‘X. genito-femoral " 
mandibular (V^), 585, 631, 689 
branches of, 601, Table 20 on p. 080 
to masseter, 686, 689 
maxillary fV 2 ), 585, 631, 749 
median, 86 
in arm, 121 
in forearm, 135 
in hand, 150 
meningeal, 622 
mental? 585, 747 

n\usculo -cutaneous, of arm, 87, 8S, 121 
of leg, 419 

my lo -hyoid, 664, 690 
nasal , external , 585 
internal, 755 
lower lateral, 751 
nasb-ciliary, 642 
obturator, 299, '323 
accessory, 301, 411 


Nerves 

obturator— continued 
. branch, anterior, 382, 110 
in thigh, 375, 410 
to obturator internus, 351, 3% 
occipital, greater (great), 590, 607 
lesser (small), 508 

oculomotor (III), in cranium, 620, 633 
in orbit, 64? 

' f 

parasympathetic fibres, 648, 781 
olfactory (I), 610 • 

ophthalmic (V0,o8l^()31 
oj)tic (11), 635 
orbital, 611 
palatine, 751 
par^s ympat het ic , 1 j 
of parotid gland, 685 
pectoral, 82-83, 80 
to penis, 312, 311 
to pectintus, 382, 388, 410 
perineal, 310 , 314 ^ 

branch of fourth sacral, 310, 351 • • 
peripheral, 42 
bl<K>d supply, 47 
distril^ntion of, 17 
structure of, 43 
to peritoneum, 247 

peroneal, common. 8ee ^‘X. popliteal, lat- 

• II, • 

•oral” 

deep. See tibial, anterior^* 
superficial. See “N. inusculo-cutan.. of 

petfosal, deep, 634 

suporficRil greater, 634, ^50, 752, 774, 781 
lesse?, 634, 713, 781 
pharyngeal ,751 ^ 

phrenic, 566, 597, 670 
branches of, 566 
distribution of, 671, 
in nef k, 668 
in thorax, 514, 518, 522 
'variations in, 671 
plantar, 448 

pneumogastric. See “X. va^s’\ 
poplit9eal, lateral, 404,, 407 , 419 
medial*, 404, 406 

presacral. See also ‘‘Plexus, nerve, hypo- 
gastric” ■ ’ ’ • 

to psoas, 299, 388 

of pterygoid canal (Vidian), 634, 752 
pudendal (internal), 308, 313, 3l4j 350 
to quadratus femorii^, 351 , 399 . 

* to quadratus lumborum, 299 * 
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N erves — Continued 
radial, 122 

deep. See “N, interosseous, post/*, 122,. 

170 

superficial branch, 122, 135 
rami, spinal, anterior, 45, 91 
communicantes, 778 
posterior, 45, 91, 609 
rectal. See "'N. hemorrhoiclar* 
to rectus femoris, 388 

recurrent. See “N. laryngeal, recurrent*’ 
to rhomboids, 99, 597 
sacral, 610* t 

fourth, perineal branch, 310, 35 1 
saphenous, (long), 375, 381, 385, 416 
to sartorius, 384 , 3^ 
sciatic, 350, 383, 404 
scrotal, posterior (cutaneous), 310, 314 
segmental (spinal), 45, 91 
sensory. See also “N. cutaneoua** 
of face, 584 
of scalp, 590 

to serratus anterior, 84, 90, 597 
“sides of safety**, 123, 397, 405, 597 
sini^s, 713 

spcrmAtic, . external. See “N. genito- 
• femoral** 
spheno -palatine, 751 
spinal, 91 

accessory. See “N. accessory” 

splanchnic, 294, 523 

lumbar, 293, 778 

pelvic (sacral, n. erigens), 294, 325; 349, 350, 

367 

(o find, 355 • 
stimulation of, 64 
thoracic, 294,^23, 778 
to subclaviuB, 598 
subcostal, 800, *508 
suboocipital, 607 
to subscapu laris, 89 
supra -c lavicular, 599 
sdpraorbHal, 684, 642 
supras capular, 98, 697 
distribution of, 98 
supratrochlear, 584, 642 
sural, 408, 433 
communicating, 408, 433 
sympathetic systeiiL, 777 
to teres major, 89 
testicular, 219 
to thenar mitfcles, 148 

thoracic, 204P210. See also* “N. intercostal** 
twelfth. ^ “N, subcostar* 


Nerves— con tinued 
tibial, anterior, 419 
recurrent, 419 
posterior, 431 
of tongue, 744 
tonsillar, 731 
to triceps, long head, 90 
trigeminal (V), 621, 631 
trochlear (IV), 620, 633, 642 
tympanic, 713 
ulnar, in arm, 121 
in axilla, 87 
in forearm, 135 , 
in hand, 150 
ulqar, collateral, 109 

of upper limb, motor distribution, 171, 172 
vagus, 659, 713, 781 

in abdomen. See “N. gastric” 
branches of, 714 
in cranium, 621 
distribution of, 716 
in neck, 659, 708, 713 
in thorax, 515, 518, 505 
vaso-motor, of penis, 315 
to vasti, 388 

U vastus medialis, >82, 385 
zygomatic, 578, 645, 749 
zygpma^-ico-facial, 585, 7t0 , 
zygomatico tomporal, 585, 749 
Neurilemma (priniirivo sheath), 13 
Neuron, 45 

Node, at rio- ventricular, 554 
lyiiif/i. 8(H‘. '‘(41anda, lymphatic” 
of Raiivjer, -43 
.'^iuu-atrial, 554 

Nodules, lymph, aggregated (Peyer’s patches^ 
52, 227, 264 
solitary, 52, 264 

Nose. See also “Cavity, nasal** 
aperture of, anterior. See “Aperture, na.sal, 
anterior” 

external, structure of, 570 
posterior, 724 
No.stri 1,570 
Notch, acetabular, 454 
cardiac, 525 
ethmoidal, 785 
fibular, of tibia, 416 
intercondylar, 378 
jugular. Sec “N. suprasternal” 
mandibular, 681 * 
nasal, 785 

radial, of ulna, 125, 18 
.scapular, see “N. spino-glenoid” 
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N otch — continued 
sciatic, greater, 391, 392 

structures tritversing, 306 
lesser, 392 ^ 

spheno-palatine, 800 
spino-glenoid, 94, 809 
supra-orbital. See “Foramen” 
supra -scapular, 97, 807 
supra-sternal (jugular), 493 
libial, 416 * 

trochlear, of ulna (semilunar), 12.') 186 
ulnar, of radius, 125, 188 
vertebral (intervert ebral) 11 

O 

Occipital bone, 787 
anomalies of, 788 
ossification of, 787 
Oesophagus. See “Esophagus” 
Olecranon, 125, 160, 186. 

Omentum, 223 

gaslro-colic. See “O. greater” 
gastro-hepatic. See “O. lesser” 
gastro-spleflic, 226 , 215 
greater, 226, 229 , 

lesser, 226, 233, 245, 2%7 
Opening into lesser sac. Soo “Sac” 
pleuro-pericaiflial, 242 
filcuro -peritoneal, 242 
saphenous, 374, 3S5 
Opposition, 150, 198 
Ora serrata, 648 
Orbit, blood supply of, 643 
cavity of, 635 
fissures and sutures, 636 
margin of, 635 
neive supply, 041 

Organ, naso -vomerine (of Jacobson), 728 
Orientation, of clavicle, 804 
of femur, 379 
, of head, bisected, 726 
of humerus, 183 
of metatarsals and tarsals, 437 
of pehds, 331 
of scapula, 183,807 
of.skull, 573 , 676 
Orifice, atrio-ventricular, 548 
bicuspid. See “0. atrio-ventricular” 
cardiac. See “O. eosphageal” 
of coronary sinus, 548 
esophageal, 225, 253 
ileo-colic (ileo-cecal),226 
mitral. See' “O. atrio-ventricular” 
tricuspid. See “0. atrio-ventricular” 


Orifice — continued 
urethral, 318 
primitive, 318 

Os (bone), centrale, 487, 489 
cordis, 553 

coxae. See “Hip bone” 
intermedium, 487 
trigonum, 489^ 

Vesalianum, 443 • 

Os (mouth), 
of uterus, external, 357 
internal, 358 
Ossicles of car, 770 

Ossification, 7. See also “Epiphyses” 
of acromion, 101 
of clavicle, 806 
of fibula, 426 
of foot bones, 487 
of frontal bone, 786 
of hand b(?iies, 144, 487 
of humerus, 182 » 

of hyoid, 803 
of mandible, 802 
of maxilla, 799 
of palatine bone, 800 
of parietal bone, 787 . 

^f patella, 472 
r)f ribs, 500 
of scapula, 810 
of sphenoid, 791 
of sternum, 495 
of temporal bone, 793 » 

of vertebrae, 12 
of zygomatic bone, 799 
tiuiu, inAidllary, 756 
Osteoblasts, 7 
Ovary, 67, 355 

vessels and nerves, 6S, 276- 27,7 
P 

Pacchionian bodies. See “Granulatioi 
' , arachnoid” * 

Pad, buccal (sucking) , 579 
infrapatellar fat, 468 
Palate, bony, 704 
% strucfiire of, 735 • 

under surface of, 726 
development, note on, 733 
prinoary, 728 
secondary, 728 
soft, 735, 736 
Palatine bone, 799 
Palm, skin of, 145 

Palpation. ^ “Surface anatomar” 
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PalpeViie. Sec “Eyelids” 

Pancreas, 54, 265 
blood supply of, 269 
development, note on, 266 
functions of, 54 
position of, 287 
relations of, 2G.S 
structure ot, 54, 27 1 
tuber onion tale. See “Tuber” 

Papillae, duodenal, 276 
lacrimal, 581 
of longue, 742 , 

Paradidymis, l20 

Parathyroid. See “(Hand, i>aiailivioid” 
Parietal bone, 678 « 

Paroophoron, 359 
Passages, bile, 247. 271 273 
Patches, IVyer’s. See “Nodules, aggregated 
lymph” 

Patella, 361,387 
bipartite. See tig. 4S()f 
eniargiifatc, 472 
functions of, 463 
ossifi('ati<)n of, 472 

Pathways, sensory, fioin c(niu‘:i, .")H» 642 
, fropi n<jse'and chin, 586 
Pecten pubis. See “Line, pociiiKsar’ 

Pelvis, 320 
arteries of’, 3 10 
bony, interior of, 326 
brim, 327 

• structures crossing, .16S 
diameters of, 3()3 
false (greaV‘r)f 327, 828 
female, 352, 862 
diameters o1, 863,365 
identification of, 865 
in median section, 352 
types of, 365 ' 

foramina in the walls, 8'29 . 

joints of, 333 

of kidney. See “Ureter, pelvis of” 
mechanism of, 332 
muscles and fasciae, 329 
nerves of, autonomic, 366 
orientation of, 331 
sex differences, 362 
side wall of, 322 
true (lesser), 327, 328 
of ureter^ Sec “Ureter” 
veins of, TO 
Penis, 66, 310 . f 

N nerves to, *312 


Pericardium, 513 
fibrous, 534 
serous, 538 
Pcrichondiium, 6 
Peri(‘raniiim, definition, 615 
Perineum , 307 
of female, 316 
Porfneurium, 13 
Periorbita, delinilion, 6)37 
nerve supply, 719 
Periost eum , 5 
Peritoneum, 223 

abhorption of. #Sec “Cohesion” 
fohls of, 230 
ffssae of. 210 '■ 

inor])hol()gy ot, 212 
nerve supply of, 217 
pi'lvie, female, 353 
male, 320 

Petrous bone, 621, 626, 630. Sec also “IVin- 
])oral bone” 

Plialanges, of foot, 131 
of liand, 1 18 
Pharynx, .TO, .’SO 654 
from behind, 710 
iifie.fior o(, 721 ' 

Iar\ ngeal, 725 ^ 
ifa.sal,' 721 
oral, 72 1 

stnicl me ot, 721 , 723 
st I in Tuie.s enlei mg, 728 
VI i-si h and iiei \ (‘s m 1 , 736 
liafin w it lioiit . f21 
Pliilt nnn, ot lip, 75 ^ 
l*igm(MU!ition, 70 
IMIes, 

IcioMnu t lioid.s, 252 
0(‘s«)pl).*igea 1 , 2.52 
Pinna See “Vmiclo of ear” 

Pisito^ in i)one, 487, <81 1 
Planes, s\ , \ vii 
“bods Wall,” 280 
Frankioit, 578, 676 
“gastro oiteslinal,” 286 
“glands, throe paired,” 275 
inlertubercular, 222 
" “skeletal”, definition of, 129, 150 
subcostal, 2‘^ 
transpyloric, 221 
“transumbilical,” 221 
“vertical Poiipart,” 222 
Pl^es. S('e also “Laminae” 
cribriform, 624, 792 
- cpiphysea.l, 6, 7, 17 
orbital, pf frontal bone, 785 
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Plates — continued , 
palmar. See ‘^Ligaments, palmar'' 
pterygoid. See •Laminae" 
tarsal. See “Tarsus" 
tympanic, 693 , 794 
vaginal, 356 

vertical, of ethmoid, 702 
of palatine bone, 799 
Platysma. See “Muscles” 

Pleura, 59, 5o8 
cervical, 521 
mediastinal, left, 517 
right, 513 

nerve supply of, 532 
recesses (sinuses) of, 5ffi, 511 
reflexions of, 501 
variations, 500 
Plexuses — 
nerve, 46 

of Auerbacli , 52 
brachial, 87, 506 
cardiac, 519, 562 
carotid, internal, 6:U 
celiac, 2-18, 293 
cervical, 700-701 
coccygeal, 340 
anterior, 351 
coronary, 365 
intermesenteric, 293 
hypogastric, (prcsacnil), 293, 360 
lumbar, 290, 340 
of Alcissner, 52 

pelvic (inferior hyi^ogastric), 366 

pharyngeal , 713 , 721 

presacral. Sec “P. hypogastric” 

pulmonary, 516, 532 

renal , 204 

sacral, 349 

solar. See “J*. celiac” 
subsartorial 

• venous, pampiniform, 217 
pharyngeal, G62, 721 
prostatic, 341 
pterj^goid, 588, 692 
uterine, 361 
• vaginal, 361 
vertebral , 

anterior and posterior, 612 
vesical, 337 

Pllcad. See also “Folds” 
circularcs, 52, 227, 263 
fimbriata, 742 
longitudinalis duodeni, 270 
semilunaris, 581 


Plicae — con tinned 
sublingualis, 738 
transverse of rectum, 344 
Pockets, osseo-fascial, 299, 324, 329, 375 
Point, central of perineum. See “Body, per 
ineal" 

mid inguinal, 222, 380 
motor, 30 

Pole, of eyeball, 638* 
of skull, posterior, 600 
Porta, “of foot,” 449 
“of gluteal region,” 305 
of liver (hepatU), 230, 256 
“of nasal cavityj’726 
Position, anatomical, xv 
Postaxial, definition of, lOS 
Posture, 503 

Pouches. See also “Fossae” 
of Colles. See “P. perineal, superficial” 
of Douglas. See “P. recto- uterine” 
hepato-reiial, 234,^) 
of Morison. See “P. hepato-renal” 
perineal, deep, 308,313 
superficial, 308, 310 
consents of, 310 
recto-uterine, 354, 359 
. utero- vesical (vesico-uterine), 354, 359 
Preaxial, definition of, 108 
Prcmaxllla, 704, 798 
Prepuce clitoridis, 317 
penis, 66, 311 
Prime mover, 29 
Prints, finger, 145 

Processes, accessory of vertebrae, 602 
alveolar;^75, 681 , 704, 795^ 
angular, 785 
of calcaneum, 434, 44l 
caudate of liver, 256 
cervical, transverse, 590 
ciliary of eye, 646 
clinoid^ anterior, 623, 633 , 789 
^ middle, 789 
posterior, 623, 789 
cochleariformis, 769 

coracoid. See “Coracoid”, 79, 80, 401, 802 
coronoid, of mandible ^681, 686 
of iilna,-125, 186 
frontal, of maxilla^ 574, 797 
funicular,. 216 • 

jugular, '787 
mammillary, 602 
mastoid, 794 

odontoid (dens) of axis , 696 
palatine, 798 * 

paramiuttbid, 788 
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ProceBBCfi — continued 
poet-auditory, 793 
pterygoid, 687, 790 
pyramidal, of thyroid gland, 672 
of palatine bone. See “Tubercle” 
styloid, of fibula, 372, 422, 427 
of metacarpal 3rd, 141 
of radiuB, 125, 161 

of temporal bone, 678, 603, 706,^803 
^of ulna, 125, 161 
uncinate, of concha, 793 
of pancreas, 265 
vaginalis peritonei, 21 1 , 2 16, 3 19 
in female (ofNuck),319 355 
of temporal bone, 791, 794 
vermiform. See “Apix?iidi\’’ 
xiphoid, 494 

zygomatic, of frontal, 574, 785 
of maxilla, 574, 677, 797 
of temporal (zygoma), 677, 793 
Prominence, laiyrigcal, 649,* /61 
Promontory, of sacrum, 326 
of tympanic cavity, 770 
Prostate, 66, 341 
exposure of, 315 
nerves of, 343 
structure of, 342 
vessels of, 343 

Protuberancev mental, 576, 682 
occipital, external, (inion), 600, 676, 787 
intei;nal, 625, 787 
{Tarietal (eminence), 679 
Pterion, 629, 678 
« ^ Pubis, 389, 392 
V fimctions of, 393 
symphysis, 333, 

Punctum lacrimale, 581, 584 
Pupil, 645 
contraction of, 641 
dilator pupillae, 643 
Pirloros, 50, 226, 236, 253 
jE^yramid of tympanic cavity, 769 

R 

Bsdius. 125 
dorsal surface of, 165 
^head of, 187 
palpable parts of, 161 
tuberosity, 125 

Rami. See ‘‘Npves, rami, spmal” 
Ramus of ischiiS, 392 
of mandible, «hdl 
o^*pubis, 392 


Raphe, anf^coccygeal, 309 r 
pterygo-mandibular. See ^Ligament, 
pterygo-mandibular^*^ 

Receptaculiim chyli. See “Cisterna chyli” 
Recess — 

apical, of nose, 755 
epi^ympanic, 769 
peritoneal. See “Fossae” 
phaiyngeal, 724 
pleural (sinus), 510, 511 
spheno-ethmoidal, 754 
Rectum, 230, 343 
development, iiote^n, 308 
nerves of, 343 
relations of, 345 
structure of, 344 
vessels of, 343 
Reflexion, pleural, 509 
Regions, deltoid, 94 
gluteal, 393 
“key line”, 396 
infratemporal, 686 
masseteric, 685 
mastoid. See “R.. styloid” 
parotid, 682 
pectoral, 79 

peroneal (lateral orural), 422 
sca^iilar', 94 
styloid, 678 
sublingual, 738 
submandibular, 663 
suboc^ipital, 607 
temporal, 685 
of thigh, 386 
Reposition, 198 
Respiration, 59, 501 
Rete testis, 65, 217 
Retina, 648 
lletinacula, 75 

extensQ**, of ankle, 421 
of wrist, 167, 195 
flexor, of ankle, 432 
of wrist, 138, 146 

of hip joint (tervical ligaments), 457 
peroneal, inferior, 422 
superior, 432 
Ribs, 496, 499,501,602 
angles of, 206, 499 
♦atypical, 499, 500 
Ridge. See also “Lines” 
interureteric. See “Torus” 
pronator, 127 

supracondylar (epicondylar), of femur, 378 
of humerus, 115 
trapezoid, 805 
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Rima glottidifi, 765 • 
definition of, 764 
Ring, femoral, 376* 
inguinal, deep (abdominal), 211 
superficial (subcutaneous), 207, 211 
Roots, nerve, 46 
Rostrum, 700 

Rotation, of duodenum, 267 
of gut, 244^ 266 
of heart, 546 
of limbs, 76, 371 
of stomach, 247 


Sac, alveolar, 529 
conjunctival, 581 
endolymphatic, 62G 
.lacrimal, 584 

pericardial. See “Pericardium*’ 
of peritoneum, lesser, 226, 233, 247 
mouth of, 231, 248 
to find, 231, 234 
Saccule, of ear, 773 
laryngeal, 766 
Sacrum, 326 
auricular surface, 33^ 
tuberosity, 333 
Scala, 773 * 

Scalp, 589 
Scaphoid bone, 810 
Scapula, 806 
axillary border of, 105 
dorsum of, 94 
inferior angle of, 105 
neck of, 106 
orientation of, 183, 807 
upper border of, 97 
vajiations, 810 
vertebral border of, 98 
winged, 100 
Sclera, 638, 646 
Scrotum, 66, 215 
Secretin, 64 

Segment, broncho-pulmonary, 527 
Sella turcica, 627, 789 
Semen, 67 
Septa— 

“intercondylar,” 467 
intermuscular, 75 
. • of arm, 117 

of leg. See “S. peroneal” 
of thigh, 386, 395 
interventricular, 551 
nasal, 752 
at birth, 753 


Septa 

asal — continued 
deflected, 763 
nerves and vessels, 753 
orbital, 582 

peroneal (fibular), 422, see fig. 416 
primum, 548 
secundum, 549 

spiral, in truncu9 arteriosus, 546 
of tongue, 743 
transversum, 304 
uro-rectal, 307, 320f322 
Sesamoid bone, 4, 17 
in ball of great tpe, 446 
patella, 387, 461 
pisiform, 487 

Sex differences in pelvis, 362 
in sternum, 495 
Sheath, axillary, 84, 90, 595 
carotid ,*656, 708 
of eyeball, fascialf640 
femoral, 299, 376 
fibrous flexor digital, 153 
myelin, 43 

of reclSis abdominis, 203-204 
contents of, 204 
for the SubclaviujB, 83 
synpvlal, 26 

development, note on, 154 
of biceps brachii, 180-161 
flexor (carpal) common, 155 
mfbot,428 
in haQd, 154 
of pi^ronei, 447 
Sinuses — 
air, 614 
anal, 344 
aortic, 541 
basilar, 618 
cardtid, 709, 716 
cavernous, 618, 631 
nerves traversing, 632 
coronary, 542 
of ppididymis, 218 
ethmoidal, 758, 792* 
frontal, 759, 793 
intercavemoiu, 618 
lactiferous, 92 
lateral venous, 618, 625 
of larynx, 766 

longitudinal. See *.*S. sagittal**’ 
maxillary, 756, 757, 798 

occipital, 618 

0 
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Sinuses-Ti-c on tinned Spac es — c^n 1 1 nued 

paranasal, 757 intercostal, 504 

development of, note on, 759 ‘ palmar, 155 

nerve supply of, 759 perichoroidal , 648 

pericardial, oblique, 538, 550 * quadrangular, 103 

transverse, 638, 545 retro -oesophageal, 521 

l>etro8al, 618 retpo-pubic of Retzius, 321 

phrenico-costal, see “Receas diaphragma- subarachnoid, 44, 615 


tico-costal”; 510 • 

pleural. See ‘‘Recesses, pleural** 
prostatic, 339 
renal, 278 

sagittal, inferior, 617 
superior, 617, 619, 624 
scleral, 646 
sigmoid, 618, 625 

• sphenoidal, 757, 790 
spheno-parietal, 618 
straight, 617 
tarsal, 47S 

transverse, venous, of crardurn, 618 
urogenital ,*356 

of Valsalva. See “S. aortic** 
venosus (venarjuiri), 252, 545, 547 
venous, in dura mater, 615, 617 
longj[tudinal,612 
Sinusoids, 37 
of livers, 53 
of spleen, 54 • 

Skeleton, divisions qf, 371 
of heart, 552 
Skin* 69 

blood vessels, 72 
creases, 145 
.• at wrist, 132 

* nerves (»f, 73 
structure of, 69 

Skull— 

at bifth, 573, 580, 676, 804 
base of, exterior, 703 
interior, 623 

bones of, 785. (See also individual bones) 
^cap, 614 

facial portion of, 679 
norma f rorrtalis, 573 
lateralis, 676 
occipitalis, 599 
vertical is, 588 
polcr, posterior, 600 
Slit, nasal, 625 
Sneezing, 60 
“Snuff box,** 1^165 
Spaces — 

of^Burns. Sqp “S. suprasternal** 
f aseial , on dorsum of hand , 170 


subdural, 44, 615 
subphrenic, 240 
suprasternal, 651 
triangular, 104 
zonular, 617 
Spermatozoa, 65 
Sphe6[oid bone, 788 
wing, greater, 628, /yu 
lesser, 624, 789 

Sphincters. See “Muscles, sphincter*’ 
Spines — 
ethmoidal, 790 
iliac, 

anterior inferior, 391 
anterior superior, 390 
posterior inferior, 391 
posterior superior, 335, 390 
ischial , 392 

nasal, anterior, 574, 575, 798 
of'fronial bone, 786 
*• posterior, 701, 799 
sacral, second, 335 
of sca))ula, 808 
supra^mcatal (of Hcnle), 678 
of sphenoid, 087, 706,790 
Spleen, 54,235 
accessory, 236 
yood flow through, 51 
functions of, 55 
“pedicle** of, 232 
peritoneal attachments of, 231 
structiii% of, 54, 274 
variations in, 236 
Spondylolisthesis, 296 
“Springs** of foot, 437, 483, 485 
Squama — 
of frontal bone, 785 
of qccipital bone, 787 
of temporal bone, 628, 793 
Standing, weight distribution, 484 
Stilpes, 770 
Stature, 19 
Sternebrac, 494 
Sternum, 493 
^anomaly of, 495 
Stomach, 50, 226, 253 
arteries of, 254 
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Stomach — continued 
lymph plexuses of , 255, 294 
i^rves of, 255 
position of, 236 
relations of, 256 
rotation of, 247 
structure of, 50, 253 
Sucking, 50 

Sulci. See also “Grooves’* 
bicipital (groove), 82, 101, 117 
of heart *535, 540 

intertubcrcular. See “S. bicipital” 
pre-auricular of sacrum, 364 
sagittal, 679, 787 
terminals, of heart, 548 
of tongue, 741 
transverse, 787 

“Surface” (aspects), of bones, 126 
popliteal, of femur, 378 
of heart, diaphragmatic, 530 
posterior, 539 
sterno-costal, 535 
SURFACE ANATOMY— 
of abdomen— 
adreinala, 248, 277 
aorta, abdominal ,*285 
ap])«'ndi\, vermWorm, 22S 
artery celiac, 245f, 287 
iliac, fi85 

metciileric, interior, 261 , 2S7 
superior, 287 
renal, 282 
cecum, 228 
crest, iliac, 393 
diaphragm, 94,301 
duodeno -jejunal junction, 224 
duodenum, 226, 264 
esophagus, 253 

external oblique, junction of Hesln' and 
aponeurotic parts, 206 
gall-bladder, 259 
ganglion, ccliac, 248 

gland, adrenal, 248. See “S. A. adrenals”, 
ileo-colic (cecal) orifice, 226 
junction, duodcuo-jejunaf, 224 
kidney, 238, 279 . 

line, arcuate (semilunar fold of Doyglas)^ 
203 

liver, 238, 259 
lung, 94 

hieninges of spinal'dord, 45,^393 
mesentery, root of, 226 
orifice of esophagus, 253 
ileo-colic (ileo -cecal), 226 


of abdomen — continued 
pancreas, 2G6 

planes, of the abdomen, 221 
plexus, celiac, 248 
pylorus, 226, 236, 253 
redtus abdominis muscle, 202 
ring, inguinal, superficial, 211 
deep, 211 

sacro-iliac joint, 335 
spine, iliac, 393 
fourth lumbar, 303 
second sacral, 393 
spleen, 235, 238 ^ 
stomach, 225, 236 
triangle, lumbar (of Petit), 207 
umbilicus, 221 
ureter, 283 

vena cava inferior, 288 
of head and neck — 
arteries, labial, 579 

oMace, 587 

meningeal , 4 niddle, 629 
subclavian, 595, 666 
atlas, transverse process of, 649 ’ 
bone, hyoid, 650 
caatilagc, septal, 579 
cricoid, 649, 668 
duct, parotid, 683 
esophagus, 571 
• upper end of, 668 
eyelids, 581 

foramen, infra-orbital, 576 
mental, 576 
supra-orbital, 576 
foldsk (cords) , vocal , 761 
haltouius, 738 
inion, 676 

jaw, condyle of, G93 
lambda, 676 
meatuses, auditory, 625 
mouth, 737 • 

muscle, digastric, 657 
platysma, 650 
neck, midlinc of, 652 
nerve, accessory, 591, 710 
anterior cutaneous of neck, *598 
facial, 683 • 

cervical b/anch of, 651 
laryngeal, internal, 660 
hypoglossal, 658 

process transverse, of sixtii cervical, 668 
of atlas, 649 
pterion, 629 
sac, conjunctivtil, 581 
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SURFACE ANATOMY 
of head and neck — continued 
sinus, lateral venous, 625 
skull, 620 

vein, facial, common, 651 
jugular, external, 593 
of lower limb — 

arteries, dorsalis pedis, 417, 410 
femoral, 384 
iliac, external, 2S5 
tibial, anterior, 417, 4 1C 
posterior, 440 
hand, ilio-tibial, 395, 4{)5 
bones, 371,' 396, 439 
calcaneum, 439 
crest, iliac, 371, 303 
tubercle on, 371, 393 
femur, condyles, 372 
epicondyle8,372 
epiphyseal line, lower, 372 
head, 371 
lower end of, 372 
fibula, 3T2, 422 
gf foot, 439-440 
hip, 371 

malleoli, 422, 439 
metatarsai, 5tli, 439 
navicular, tuberosity, 139 
patella, 372, 463 
spine, iliac, 371, 393 
• second sacral, 393 
substeutaculum tali , 439 
talu&, 439 
tibia, 372, 439 
trochanter, greater, 371. 39 { 
lesser, 394 • 

tubercle, adductor, 372 
on iliac cres^t, 371, S93 
pubic, 408 , 

vertebra, lumbar, 4th, 303 

joints,* calcaneo-cuboi(>, 439 
me tatarso -cuneiform, 139 
sacro-iliac, 335, 393 

knee, collateral ligaments, 415, 422, 463 
patella, posterior surface, 463 
synovial capsule, 470 
tendons, 405 

ligaments, calcaneo-fibular, 422 
lateral of knee, 422 
medial of knee, 415 
“spring,” 439 

line, internervous, between femoral and 
gluteal Jjjlprves, 387 

between mmoral and obturator nerves, 
381 


of lower limb — continued 
lymph glands, inguinal, 368, 374 
muscles, adductor longus, 409 
biceps femor is, 405 c 
extensor digitorum brevis^pedis, 419 
longus, 440 
gluteus inaxirnus, 395 
gracilis, 406, 415 
p6ronei,441 
piriformis, 396 
quadratus foinoris, 399 
sartorius, 415 
semimembranosus, 415 
semi tcndinosus,c4l5 
tibialis anterior, 440 
^posterior, 440 ^ 
nerve, popliteal, lateral, 107, 422 
medial, 406 
sciatic, 397 

opening, saphenous, 374 
space, subarachnoid, 393 
tract, ilio tibial, 395, 405 
veins, saphenous, long, 373, llG 
shoft, 108, 433 
of thorax — 

in the living, 532 * 
angl*e, sternal, of LouiS, 79 
aorta, arch of, 533, 563 
ascending, 536 
•artery, carotid, left. 565 
innominate, 5tV4 
internal marninary, 505 
suVcl avian, left, 565 
c Ob I al c a r t j I age 2 ri ( 1 79 
diaphragm, 01, 301 
esophagus, 571 
‘heart, 535 
valves of, 552 
j oint , xiphisternal , 494 
lungs, ^23 
fissures of, 525 
roots of, 513, 516 

orifices, cardiac. See “Valves of lieart” 
pericardium*, vertical extent of, 534 , 535 
pleura, cervical, 511 
^reflexions of, 510 
ribs, 79 

first, neck of, *511 
•sternum, 79, 493 
trachea, bifurcation of, 560 
valves of heart, 552 
venae cavae, 535 
vein, left innominate, 535 
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SURFACE ANATOMY — continued 
of upper limb — 

arteries, axillary, 120 
brachial, 11% 
digital, 112* 157 
of forearm, 131-132 
palmar, deep arch, 158 
superficial arch, 156 
radial, 120, 132, 134, 162 
ulnar, 120, 132, 134 
bones, cTavicle, 804 
coracoid process, 79 
hamate, 137 

liumcrus, epicondyldb, 115 
tuberosities, 101 
lunate, 115. See !fg. 123 
olecranon, IGO 
pihiforni, 132 
process, coracoid, 79 
radius, head, 161 
lower end, 161 
s(\loid process, 161 
ribs, (o locate, 70 
sf'iiphoid, 137 
lulihrcle of, 132 
hcnjiula, 806 

to manipulate, 91 
sl\loid process, .of radius, 161 
of ulifh, 161 
tiape/dum, 137 

tubercle, dorsal radial of Lister 161 
of scaphoid, 132 
ulna, 160 

joints, acioniio-clavicular, 94 
sternal angle of Louis, 79 
metacarpo-phalangeal. {See fig. 126 
iyrripli glands, axillary, 374 

muscles, 

abductor pollicis longus, 132, 161 
biceps tendon, 119 
bicipital aponeurosis, 119 
brachioradialis, 119, 164 
extensor carpi radialis brevis, 16'4 
longus, 119, 164 
extensor carpi ulnaris, 164 
extensor pollicis brevis, 132, 161 
longus, 161 

flexor carpi radialis, 132 
ulnaris, 132 

flexor digitorum sublimis, 132 
•interosseous, dorsaj^ first, 170 
palmaris longus, 132 
pectoralis minor, 79 
nerves, circumflex, 104 
digital, 112, 157 


of upper limb 
nerves — continued 

distribution of median, radial, ulnar. 

See figs. 94, 95 
dorsal interosseous, 163 
of Torearm, 163 

musculo-cutaneous brachii, 119 
median, 119, 132, 135. See figs. 94, 95 
radial, 119. See figs. 94, 95 
to serratus Sinterior, 84 
to thenar muscles, 148 
ulnar, 119, 132, 139. See figs. 94, 9^? 
regions, elbow, 11^1 
pectoral, 79 
scapular, 04 
wrist, 131 

tctinaculum, extensor, 167 
flexor, 146 

safety line, back of forearm, 162 
sheaths, fibrous flexor of digits, 153 
svn^vial, of digits, 155, 167 
of hand, 15# 

snutr-box, anatomical, 161 
triangle of auscultation, 96 
valves, venous, demonstration of, 34 
Sucking, iGO 

Sustentaculum tali, 436, 439, 451r 
and tendons, 150 

Sutural bones. Sec “Bones, sutur^” 

Suture, 13 

coronal (frontal), 678 
lambdoid, 678 
me topic, 573, 786 
p£irle to -squamous, 678 
petro-ocfipital, 625 
petro-^^amous, 630, 769^^ • 

petrO‘tympanic. See “Fissure” 
sagittal, 678 * 

Swallowing, 50, 736, 765 
Symphysis, 14 
menti, 573 , 680 • 

pubisy 333 
^“vertebral,” 13, 14 
Synchondrosis, 13 
neuro-central, 12 
Syndesmosis, 15 
Syndrt)me, Horner’s, 7J8 
Synergists, 29 
Synostosis, 13 
of sacro.-iliac joint, 336 
of sterno-manubrial joint, 495 
Synovia. See “Fluid, synovial,” 16 
Sjrnovial sheaths. See “Sheaths, synovial* 
^rstems — 

' blood-vascular, 31 
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Systems — ;^contiiiucd 
circulatory, 31 
conducting of heart, 554 
digestive, 48 
genital, 64 
lymphatic, 38 

nervous, autonomic, 293, 777 
parasympathetic, 777 
portal, development, note on, 252 
accessory, 252 
respiratory, 54 
epithelium of, 59 
8>Tnpathetic, 777 , 

urinary, 60 ® 

vertebral venous, 611, 613 
clinical significance of, 013 

T 

Talus, 427, 435, 439, 474 
Tarsal bones, 434 

See also individual bones. ' 

accessory (supernumera®^), 489 
Tarsus, 583 ' 

Teeth, 744 

lymph vessels, 748, 776 
nerves of ,'747 
occlusion of; 746 
Tegmen tympani, 630, 769 
See also “Petrous bone” 

Temporal bone, 628, 793 
Tendo calcaneus (Achilles), 428 
Tendon, 21 
of Acliilles, 428 
*axiom regarding, 129 
^ central, of Diaphragm, 302 
' • conjoint (falx'inguinalis), 209 
nerve, control^ of, 214 
of Psoas, 456 * 

of Supraspinatijs, 180 
synovial sheaths of, 155 
Teniae coli, 228 ‘ 

Tentorium cerebelli, 615 
Terms, descriptive, xv 
of bones, 1*26, 416 
of teeth, 745 
Testis, 65, 217 
coverings of, 216 
descent of, 214 
development of, 219 
duots of, 65 
ectopic, 214 
migrations of, 275 
^ structure 217 

. vessels and nerves of 218, 276 
Thorax, bony, 490 


Tibia, 414 

lateral liordcr, 416 , 

posterior aspect of, 426 
Tissue, adipose (fat), 74 
areolar, 73, 201 
extra-peritoneal fatty, 213 
cavernous, 38 
lymphoid, 40 
Toes, functions of, 485 
Tongue, 741 
blood supply, 743 
development of, note on, 714 
lymph vessels, 776 
nerve supply of, 744 
side of, to display, 665 
TonsK — ^ 

intestinal, 52 
lingual, 712 

palatine, “The,” 57, 729, 738 
bed of, 730 
lymph vessels, 770 
norv<*s and vessels of, 731 
structure of, 730 

pharyngeal, (naso-piraryngeal), 57 
Torus (ridge), intenircteric, 338 ' 

Trabeculae carncae, 551 , 

Trachda, 58, 515, 517, 560 
cervical part of, 675 . 

Tracts, “♦3. I. Tract & Cd.,” 246, 

»• See “Canal gastrodntestinar’ 
dio-tihial (band), 373, 395, 470 
olfactury, 619 
“U. CT i>acfc At Co 243 
structure of, 330 
4>agus, 580 

Tiapezium (greater multangular) bone, 811 
Trapezoid (lesser multangular) bone, 811 
Tree, bronchial, 527 
Triangles and Trigones— 

^ anal, 307, 309 
of auscultation, 96, 504 
of bladder (triangular area at base), 342 
(trigone of), 338 
carotid, 057 

delto-pectoral. See “Fossa, infraclavicu- 
lar,”79,81 
digastric, 663 
femoral (of Scarpa), 379 
lumbar (of PetiO , 96, 207 
flumbo-costal, 301 
of neck, anterior, 649 
posterior, 591 , 593 , 595 
occipital, 593 

of Petit. See “T. lumbar” 
of Scarpa. See “T. femoral” 
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Triangles and Trigones — continued 
subclavian, 593 » 
submental, 052 
suboccipital, dt)7 
urogenital, 30^ 
female, 316 
male, 310 

‘'of vertebral artery,” G67 
vcrtebro-costal. See “T. lumbo-costal” 
Triquetrum, 81 1 

Trochanter^ greater (great), 377, 3Q7 
lesser (small), 377 
third, 379 

Trochlea, definition of, 5^ 115 
of femur, 370 
of Immenis, 186 
of superior oblique, 041, 785 
Trochlea tali. See “Tubercle, peroneal” 
Truiicus aiterioflus, 539, 545, 546 
Trunk, eosto-cervical, 670 
gastro intestinal (lymphatic), 305 
lumbar (lymphatic), 305 
lumbo sacral (nerve), 299, 326, 349 
lynfpli, with thoracic duet, 671 
sympatlTotic, composition of, 779 
in abdomen, anci pelvis, 203, 366 
in neck, 667, 717* 
paralysis of, 718 
in tbora^, 522 
Ihyro cervical, 669 

Tube, auditory. See “T. pharyngo- tympanic” 
pharyngo-lymiianic (of Kustaeliius), 57, 706, 
724,734 

functions of, 67, 731 
nerve supply, 734 
■ uterine (of Fallopius), 67, 356 
development of, note on , 356 
structure of, 67 
visceral, of neck, 654 
Tujper, tubercle, tuberosity — 
adductor, 378 
of calcaneum, 441 
carotid (on C 6), 668, 710 
conoid, 805 
Darwin’s, 580 
deltbid, 103 
. of epiglottis, 766 
genial, 682 
gluteal, 378 
of humerus, 101, 104 
ojf •iliac crest, 390 
of ilium, 333 
infraglenoid, 808 
of ischium, 31X), 391, 402 
jugular, 788 


Tuber, tubercle, tuberosity — continued 
of Lisfranc. See “T. scalene” 
of maxilla, 687, 704, 795 * 

of Montgomery, 92 
omentale, of liver, 257, 266, 
of pancreas, 257, 265 
of palatine bone, 704, 799 
peroneal, 436 
pharyngeal ,^705, TSS 
post -glenoid* 6%5, 693, 706 
pterygoid, 705, 791 
pubic, 392 
quadrate, 378, 398 * 
radial (bicipital), 117, 125, •lb? 

dorsal (of Lister), 125, 161 
sacral, 333 * 

stalene (Lisfranc), 4rKt 
sellae, 627, 789 
an))ragleiioid, 807 
of talus, 127, 435 
tibial, 373, 387, 414 
of ulna, 187 

Tubules, renal (uriniferous), 61 * 
seminiferous, 65, 217 
Tunica albuginea testis, 217 ^ 
vagintilis testis, 217 
Tunnels, fleshy, in Supinator, 103 
, osseo-fibrous, carpal, 146, 155 

for <ligital flexors of hand, 144, 155 
fbr flex, hallucis long., 449 l, 451 
for peroneus longus, 447, 481 
for wrist extensors, 167 
osseo-muscular, for peroneal arterjr, 431 
• tn triceps for radial nerve, 122 
Turbinate bone. See “Concha” 
Tympaflfim. See “Bar, middle” 

Types, botly. Sec “Habitus” 

U 

Ulna, 125 

dorsal surface of, •165 
palpable parts, 160 
^ upper part of, 186, 1S8 
IJmbilicus, 238 

plane of (vertebral level), 221 
Umbo, 770 

“Unfts” of foot, 435. 
of kidney, 61 
of lung, 527, 530 
motoi\ 28 . 

nervei, 59 
Urachus, 238, 307 
Ureter, 282 , 321 
andmalies, 283 
arteries. 283 
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U reter — continued 
developnifent, note on, 307 
female, 359 

nerve supply of, 63, 283 
in pelvis, 321, 337 
pelvis of, 278 
structure of, 340 
Urethra, female, 318, 359 
glands of, 66, 341 
male, 339 

nerve supply of, 63 
strhcture of, 340 
Urine, 62 , 

Uterus, 68, 35T • 
development, note on, 356 
nerve supply of, 68 • 
structure of, 68, 358 
Utricle of car, 773 
prostatic, 339 
Uvula, of palate, 736 
of bladder, 338 


Vagina, 08, 308 
development, note on, 356 
nerve supply, 68 
strucjture of, *359 
vestibule of, 318 
Vallecula, epiglottic, 725, 760 
Valves, anal. See “Sinuses, anal’ 
of IJasner, 755 
of heart, aortic, 54*1 
noifienclature, 540 
* atrio-ventricular, 551 
structure of, 552^ 
blood supply^ 55 !j v 
of coronary sinus, 548 
mitral, 551 * 

pulmonary, 541 
nomenclature, 546 
of vena cava inferior, 
ileo colic (ileo-cecal), 52, 264 
structure of, 264 
of veins, 33 ,‘ 114 
jugular, internal, 670 
subclavian, 670 
testicular, 276 
Varicocele, 217, 291 
Vas, Vasa — 

sj^errans. See “Ductns** 
deferens, 65 

development, note on, 307 
in cord, 211(^217 
in abdomen, 277, 342. 
in pelvis, 321, 342 ' 


Vas, Vasa— continued 
recta, du<>denal, 270 . 

intestinal, 227, 260 
renal (arteriolae rectae),^2 
vaaorum, 35 

Veins and Venae. See also “Arteries* 
anastomotic. See “Anastomoses** 
auditory, internal, 621 
auricular, posterior, 651, 663 
axillary, 86 
azygos, 569 
arch of, 516 
lobe of, (lung), 526 
of back, 611 
basilic, 114 
basivertebral, 612 
cardiac, 542 
cardinal, 288, 570 
cava, inferior, 288, 514, 535, 517 
development, note on, 288 
obstruction of, 612 
relations, 291-203 
tributaries, 290 
superior, 514, 5^5 
developlncnt of, 5-17 
persisting left, 547 , 
cephatic, 82, 114 
cerebral, great, 613, 62(.), 
cervldal, ifscending, 670 
• deep, 670 

superficial, of neck, 051 
transverse, 593, 670 
choroidal, 048 
coniitantes (comites), 33 
cubital, median, 11 i 
cutaneous, of upper limb. 1 11^ ■ 
cystic, 272 
diploic, 614 

frontal, 576, 588 
•dorsal of penis, deep, 312, 315 
supor^dal, 312 
emissary, 619 

facial, anterior, 588, 051, 662, 664 
common, 65, 662 
deep, 588 • 

posterior, 651, 684 
femoral, 381, 386 
of ‘’G. I. Tract & Co.,” 243 
gastric, left, 252,«303 
ol glands, “three- paired,** 291 
hemi -azygos, 569 
hemorrhoidal. See “V. rectal** 
hepatic, 290 
ilio-lumbar, 291 
'inguinal, superficial, 373 
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Veins and Venae — continued 
innominate, 521, 535, 559 
inter^stal, anteriol, 570 
first posterior, *70, 670 
superior, left, ^19, 670 
right, 570 

jugular, anterior, 651 
external, 593, 661, 663 
internal, 651, 710 
lingual, 663, 743-744 
lumbar, 291a 
ascending, 612 
mammary, internal, 670 
maxillary (internal), 651,^2 
median, of forearm, 114 
medial femoral cutancq^s, 408 
meningeal, 622, 634 
mesenteric, inferior, 263 
superior, 263 

Of neck. See “V. cervicar* 
connecting, 651 
at root of neck, 670 
oblique, of loft atrium (Marshall), 542 
occipital, 663 
ophthalmi*;, 644 
ovarian, 361 
paratonsillar, 731 
para ‘Umbilical, 252 
of pelvis, 34^ 

of penis, deep and superficial, 312 
pharyngeal, 662 
popliteal, 407 
portal, 251 

collateral circulation of, 252 
pulmonary, 516, 530 
pyloric, 253 
rectal, 345 
renal, left, 291 

saphenous, long (great), 373, 415 
short (small), 408, 433 
stcflate, of kidney, 62 
structure of veins, 35 
subclavian, 595 
suprarenal (adrenal), 278, 290 
supra-scapular, 593, 670 
temporal, superficial, 651 
testicular (spermatic), 217, 263, 276, 290 
Thebesian, 543 
thyroid, inferior, 670 
middle and superior, 662 • 
of tongue. See “V. lingual” 
umbilical (obliterated), 239, 252 
“unnamed” of neck, 651 
valves of., 33, 34 


Veins and Venke — continued 
vertebral, 611, 667, 670, 700 
vitelline, 252-253, 266 
yentricles, of heart, 534, 550 
of larynx. See “Larynx” 

Venules, 33 
Vertebrae,. 10 

articulated, from behind, 600 
articulations, 13, 14, 17 
atlas, 600-601, -696 
axis (epistropheus^ , 696 
bone and disc, proportions of, 18 
cervical, 596, 695, 697 
anomalies, 697 
seventh (prominens), 600 
sixth, 668 

coegyx, 326, 327, 602 
functions, 11 
lumbar, 295 
variations in, 295 
ossificatiejp of, 12 
parts, 11 

prominens (C. 7), u97 
thoracic, 491 
typical, 10 
sacrum ,^326, 333, 602 
variations in cervical, 697 
lumbar, fifth, 331 
Vertex, of skull, 573 
♦V'esaliu^, foramen of, 628 
illustration from, 74 
V^esicles, seminal, 66, 342 
nerves of, 343 
vessels of, 343 

Vessels See also “Arteries,” “Lymphatics,” 
“Veins” and “Bloo^ vessels” 
Thebesian. ^See “Veins, Thelbesian” 
Vestibule, aortic, 551 
of internal ear, 773 
of larynx, 766 
of mouth, 737 
of nose, 754 
of vagina, 318 
Villi, intestinal, 51, 264 
Vincula, of tendons, 155 
Viscera, abdominal, 

' changing positions of, 236 
identification of, 2is 
protection, 222 
relations, 

“cervical,” 654 
pelvic, female, 352 
support of, 361 
Vomer,' 802 
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W 

Wall, abifominal, anterior, 200, 214 
arteries of, 205 
layers of, 212 
posterior, 294 
Walking, 485 

Weiglit, distribution of, 481 
Wing of sphenoid. See “Sphenoid” 


Wormian bones. See “Bones, sutural 
Wrist. See also “Carpus” 
tendons at back of, 196 

Z 

Zona oibicularis, 455 
Zygoma, 077, 793 
Zygomatic bone, 079 
asph, 077, 793 




